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Acacia, soil for, 64. 
Acid phosphate, 117, 146, 166, ah 208, 243, 
5, 


» 254-259 

Acid soil, 55-67, 155. 
Acids, neutralizing, 150. 
Acre inch, def., 118, 120. 
Adobe soils, 26. 
Aeolian soils, 26. 
Aeration of soil, 30. 
Alfalfa, 184, 219, 220, 223, 224. 

fertilizing constituents, 146. 
' fertilizer for, 259. 

hay, 204 

lime for, 55. 

limed, ills., 148. 

soil for, 64. 

turning under, ills., 
Alkaline soil, 25, 58, 97, 192. 
Aluminum, 49, 55, 506 142, 143. 

compounds, 1 
Alluvial soils, 25. 
Ammonia, 49, 54, 

46, 249, 250. . 

Ammonite, 164. 
Ammonium compounds, 161, 162. 
“nitrate, 162) 246 


sulphate, Eve 146, 161, 162, 166, 246, 
255 59. 


Andromeda, soil for, 64. 
Apple trees, fertilizer for, 260. 
Apple pomace, 146. 
Arbutus, soil for, 64. 
Argon, 49 
Ashes, 20, 146, 189. 

: wood, 174, 255, 258, 259. 
Asparagus, fertilizer for, 261. 

tenderness in, 158, 159. 

Autunin planting, 188. 
Available plant food, 196. 
Azaleas, soil for, 64, 155. 
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Hacteria, 47, oe 55, 72, 199-201, 208, 214, 
{ 


action, 28, 99. 
effect of water on, 107 
Barley, culture, 64, 117, 239, 261. 
Basic slag, 167, 243, 255. 
Beans, green crop manure, 146, 223, 226. 
: fertilizer for, 262. 
Bedding materials, 206, 213. 
ss brie fertilizer for, 262. 
pete ra constituents, 146. 
soil for, 64 


141, 204, 208, 214, 243, 


Berries, irrigation, 134, 135. 

Blackberries, 130. 
fertilizer for, 263. 
soil for, 65, 155. 

Black caps, soil for, 65. 

Blueberry, soil for, 64, 155. 

Blue grass, ills., 234. 

Bone, 160, 166, 255, 258, 259. 
black, 245, 258, 259. 
meal, 146, 258, 259. 
phosphate, 246, 249. 
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Buckwheat, 12, 65, 146, 239. 
fertilizer for, 263. 
Burnt lime, 150. 


Cabbage, 64, 110, 146. 
fertilizer for, 264. 
Calcareous soils, 26. 
Calcium, 49, 65-67, 142, 148, 148-156, 186. 
bicarbonate, 66. 
carbide, 150. 
carbonate, 149, 150, 153, 200. 
compounds, 149, 152. 
cyanamid, 162, 246. 
hydroxide, 255. 
nitrate, 155, 160-162, 166, 242, 243, 255. 
oxide, 255. 
phosphate, 155. 
see Lime. 
sulphate, 155. 
Capillary attraction, 116, 123. 
Carbon, 49, 50, 180, 194. 
Carbonate of lime, 149, 150, 153, 200. 
Carnallit, 244. 
Carolina ‘phosphate rock, 245. 
Carrots, 65, 146. 
fertilizer for, 264. 
Castor oil bean, soil for, 65. 
Castor pomace, 166, 242. 
Catch basin, 96. 
Catch crops, 43. 
Cattle manure, 166, 203, 210, 217. 
Cauliflower, fertilizer for, 265. 
soil for, 64. 
Celery, fertilizer for, 158, 159, 265. 
jragation): 135. 
soil for, 64. 
Cellulose, 117. 
Cereals, 235-240. 
fertilizers for, 221, 257, 258. 
see kind. 
Channel irrigation, 124. 
Chemical elements, 49-54. 
Chemicals, fertilizing action, 177-182. 


QUICK REFERENCE INDEX vO 


XII 


Chemistry of the soil, 51-54. 
Cherry trees, fertilizer for, 265. 
Chlorine, 179. 
Chlorophyll, 194. 
Citrus fruits, fertilizer for, 245. 
Clay soil, 19-22, 46, 53. 
drainage, 72, 97. 
fertilizer, 179. 
shrinkage, ills., 99. 
water content, 101. 
Clod crusher, 100. 
Clover, cultivation, 64, 65, 227-229. 
fertilizer for, 265. 
green crop manures, 146, 184, 185. 
Colluvial soils, 25. 
Commercial fertilizers, 241-255. 
Corn, 204, 219, 220, 224, 235, 245. 
fertilizing constituents, 146. 
cultivation, 68. 
fertilizer for, 26 
ae as 16 La ti7, 124, 125. 
soil for, 6 
Corn fodder, a7, 204. 
Cornmeal, 204. 
Cotton, 221. 


Cottonseed meal, sek fea 163, 166, 204, 242. 
3 


Cover crops, 43, 4 
Cowpeas, 65, 184, 927. 
Cranberry, bog, ills. ., 126-129. 

irrigation, 108. 

soil for, 64, 155. 
Crop rotation, 46, 218-222. 
Cucumber, 64, 266. 
Cultivation, 16, 45, 68. 

large tracts, 13. 

object of, 51, 120. 

small plots, 13. 
Cultivators, 14-16, 68, 134, 189. 
Cumulose soils, 25. 

-Currants, 64, 267. 

Cyanamid, 162, 163. 


Damping off, 27, 
Decomposition, ee iy 100. 
Defloculation, 20. 
Denitrification, 29, 123. 
Disk, cultivator, 43. 
harrow, 13-15. 
Drainage, a74 ‘69-72, 107. 
acid soil, 56 
ditch drains, 73, 74, 82, 95, 99. 
laws, 101-10 
peat, clay a marsh soils, 97-99. 
silt basins, 93-96. 
tile drains, 75-92. 
water, 159.,., ‘ 
*Dry, climates, soil cultivation, 43, 44. 
weather, effect on soil, 107. 


Earthworms, 46, 54. 
Egg plant, 64, 267. 


Ensilage, 204. 

Erosion, 43, 124. 
Evaporation checking, 45, 68. 
Explosives, use of, 97. 


F 


Farm, machines, 14-16, 68, 134, 176, 205. 
manure, see Manure. 
Ferns, soil for, 65. 
Fertilizers, 141-148. 
bacteria’s work, see Bacteria. 
calcium, see Calcium. 
chemical, 177-182, 242. 
combinations, 241, 245, 255. 
commercial, 241-256. 
distributing, 256. 
estimating amount, 144, 256. 
for various crops, 221, 257-276. 
green Oe 183- 192, 221, 222, 


indirect, 141, 188. 
legume crops, 223-234. 
lime, 149-156. ; 
manure see Manure. 1 
mixed, 221, 233. 
mixing, 247-256. 
nitrogen, 157. 
nursery stock, 270. 
sewage, 139, 140. 
soot, 190. 
use of, 141-148. 
Field peas, 184. 
Film water, 72. 
Fish, dried, csi! constituents, 160, 165, 


Floats, 167. 

Flooding, 124. 

Flowering plants, soil for, 64. 

Frost, time limit map, 10. 
in valleys, 41. 

Fruit drop, 193. 

Fruit trees, fertilizer for, 174, 221, 257, 258. 
see Volume 3 
watering, ee 129, 130. 

Fungi, 28, 29, 01. 

Furrow oon: 124, 127-131, 135. 


G ! 


Galls, cause, 27. 

Glacial soils, 26. 

Gluten meal, 204. 

Gooseberries, 110, 268. 

Grapes, fertilizer for, 268. 

Grass, fertilizer for, 257, 258, 268. 
Gravel, use, 23. 

Gravelly soil, treatment, 156.’ 
Gravitation water, 71. 

Green crop manures, 183-192, 221, 222, 238. 
Greenhouse, culture, 114, 201. 
Growing season, U.S., map, 6. 
Growth, checking, 107. 

Guano, 147, 245, 255. 
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Harrows, ills., 13-16. 

Hay, 116, 148, 204, 214. 

Head gate, dyke, ills., 128. 

Heath, soil for, 64. 

Heather, fungi on, 28. 

Heaving of plants, 70, 72. 

Heavy soil, irrigation, 139. 

Hominy, 

Hops, fertilizer for, 245, 269. 

Horn, 255. 

Horse manure, 203, 204, 210, 217. 

Horseradish, fertilizer for, 269. 

Huckleberry, soil for, 64 

Humid climate, 106, 130. 

Humus, 33, 56. 

Hydrogen, 49, 181. 

Hydrostatic water, 37. 

Hygroscopic moisture, 37. 
water, 101 


Indirect fertilizers, 183-192. 
Implements, 14-16, 68, 134, 176, 204. 
Inoculating legumes, 48, 201. 
Iron, 49, 66, 142, 143. 
compounds, 156. 
Irrigation, 105-117. 
erosion, 124. 
frequency, 119. 
eves for, 109, 117, 119. 
flooding, 124. 
furrow, 124, 127-130, 135. 
lawns, 137 
orchards, 129. 
overhead, 104, 132-137. 
quantity of water, 119. 
sewage, 113, 114, 139, 140. 
small fruits, 110, 116, 130. 
subsoiling, 116. 
system, home made, 135, 136. 
time for, 123 
various soils, 114, 121, 122, 139. 


K 


Kainit, 147, 174, 243, 245, 255, 258, 259. 


Kalmia, soil for, 64, 155. 

Kelp, 175 

Kentucky Blue Grass, soil for, 64. 
Knots on roots, cause, 27 
Kohl-rabi, soil for, 64. 


L 


Lacustine soils, 26. 
Land, bare, 53 
rolling, 19. 
sloping, 40, 41. 
working, direction, 40. 
Land plaster, 155, 207. 
Lawns, seed for, 233. 
see Volume 4 
watering, 136, 137. 


Leather meal, 166. 

Leaves as fertilizer, 33. 

Legume crops, 223-234. 

Legumes, 28, 43, 48, 184-188, 223. 
fertilizing, 221, 222, 257, 258. 
inoculating, 48, 201. 

Lettuce, 135, 158, 159. 
fertilizer for, 270. 
fertilizing constituents in, 64. 

Leunasalpeter, 160, 242, 243. 

Leveling, 81-83. 

Lime, 142, 143, 146, 148-156. 
absence in rain water, 114. 
acid soil, 55-57. 
amount to use, 56. 
for green manures, 186. 
see Calcium. 
spreading, 56. 
use of, 65-67. 

Linseed meal, 147, 204. 

Loam, 8, 21, 22, 24, 53, 101, 139. 

Loess ‘soils, 26. 

Lupine, soil for, 65. 


Magnesium, 49, 67, 142, 143, 177. 
Malt sprouts, fertilizing constituents, 147. 
Manganese, 143 
Manure, excess of, 29. 
farm, 202-217. 
green crop, 183-192, 221, 222, 238. 
mixing with alkaline comp., 255. 
nitrogen in, 160, 166. 
sandy soil, 23. 
spreader, 205. 
various, 166, 210. 
Manure salt, 244. 
Marine soils, 26. 
Marl, 66. 
Marshes, drainage, 98. 
Meadows, cultivation, 229-233. 
Milk, fertilizing constituents, 147. 
Millet, 65, 239, 270. 
Minerals, 142. 
Miners inch, 120. 
Moulds, 201. 
Muck, 23, 97, 156, 181, 182, 190. 
Mulching, 44. 
Muriate of potash, 243, 245, 247, 258, 259. 
Muskmelon, fertilizer for, 270. 


Nitrate, 52, 106, 117, 149, 186. 
nitrogen, 141, 161. 
of potash, 147. 
of soda, 147, 160, 161, 166, 242, 243, 
6, 247, 248, 252. 
Nitric acid, 55, 200. 
Nitrification, 25, 52-55. 
Nitrogen, 30, As, 52-55, 141, 146, 157-168, 
, 243, 945-249. 
Nitrophoska, ree 
Nursery stock, fertilizer for, 270. 


QUICK REFERENCE INDEX XV 


oO 


Oats, as green manure, 147, 184, 185. 
chemical content, 204. 
cultivation, 238. 
fertilizer, 245, 271. 
irrigation of, 111, sles 

soil for, 64. 

Okra, soil for, 64. 

Onions, soil and fertilizer for, 64, 271. 

Orchards, fertilizer for, 174, 221, 257, 253. 
irrigation, 120, 129 

Organic, matter, 29, 2By, 67, 181. 
nitrogen, 163-166. 

Osmosis, 195. 

Overhead irrigation, 132-137. 

Oxidation, 47. 

Oxides, 156. 

Oxygen, 49, 116, 117, 142, 180. 


P 


Parsnips, fertilizer for, 272. 
soil for, 64. 
Pastures, fertilizer for, 229, 234. 
Peach trees, fertilizer for, 272. - 
Peanut, 64, } 
Peas, 147, 227. 
fertilizer for, 272. 
Pear trees, fertilizer for, 272. 
Peat, 23, 24, : 
drainage, 97. 
fertilizer for, 168. 
Pepper, soil for, 64. 
Phosphate, with alkaline compounds, 255. 
Phosphates, 161. 
Phosphoric acid, 146, 243, 245-251, 259. 
Phosphorus, 142, 158, 167, 186, 243, 246. 
Photosynthesis, 195. 
Pig manure, 166, 203, 210. 
Pineapple, irrigation, 108. 
Plant food, 114, 193-198, 246. 
Planting, close, 117. 
Plasmolysis, 195. 
Plowing, 7, 11, 14, 43, 45, 68. 
autumn, 116. 
under, 186, 187. 
watering before, 123. 
Plums, fertilizer for, 272. 
Potash, 49, 117, 142, 143, 146, 147, 158, 169- 
175, 241-249, 255, 257, 259. 
Potassium, carbonate, 172. 
chloride, 172, 246, 247, 253, 256. 
magnesium carbonate, 174. 
~ nitrate, 162, 173 
see Potash. 
sources, 244. 
sulphate, 172, 246. 
Potatoes, 159, 220, 245. 
fertilizer for, 272. 
fertilizing constituents, 147. 
peeeuen 110, 117, 124, 125. 
soil for, 6 
Poultry ae. 166, 203, 215. 
Prairie soil, 24. 
Protozoa, 201. 


Puddled soil, 32. 
Pumpkin, 64, 147, 273. 
Pythium, 57 


Quicklime, 150. 
Quinces, fertilizer for, 273. 


Radish, soil for, 65, 155. 
fertilizer for, 273. 
Rainfall, 18, 66, 106. 
Rain water, 113, 114. 
Raspberries, fertilizer for, 273. 
irrigation, 110. 
soil for, 65, 155. 
Residual soils, 25. 
Rhododendron, soil for, 64, 155. 
Rice, culture, 130, 131. 
fertilizing constituents, 147. 
Roller, 16. 
Root crops, fertilizer for, 221, 257, 258. 
Roots, 46, 71, 72. 
Ro.ation of crops, 218-222. 
cereals, 235-240. 
clay soils, 46. 
Rye, fertilizing constituents, 147. 
fertilizer for, 274, 238. 
soil for, 65, 238. 


Salsify, soil for, 64. 
Salt, as fertilizer, 179. 
marshes, drainage, 98. 
soil, 98, 107. 
Sand strata, 8, 22. 
Sandy soil, 21-24. 
fertilizing, 33, 56, 114. 
irrigation, 109, 114, 139. 
Second foot, 120. 
Sediment basins, 96. 
Seed inoculation, ills., 198, 201, 225. 
Seedlings, damping off, 27, 57. 
Sewage, 113, 114. 
analysis, 213. 
irrigation, 139, 140. 
Shallow cultivation, 16. 
Sheep manure, 166, 203, 210, 217. 
Shelters, 44. 
Shrubs, fertilizer for, 270. 
Silage, fertilizer for, 257, 258. 
Silicate, 149. 
Silicon, 49, 142, 179. 
Silt, 23. 
basins, 93-96. 
Slag, 167, 243, 255. 
Slaking lime, 153. 
Slugs and snails, 191. 
Sod, 53. 
Sodium, 49, 142, 143. 
nitrate, 147, 160, 161, 166, 242, 243, 
6-248, 252-256, 258, 259. 
sulphate, 178. 


XVI 


Soil, acid, 55-67, 155. 
aeration, 30. 
alkaline, 25, 58, 97, 122. 
analysis, 59-62. 
chemistry of, 


54. 
clay, 19-22, 46 53, 72, 97, 99, 101, 179. 
21. 


coarse, 109, 
color, 9, 191. 
effect on plants, 63-67. 
erosion, 43, 124. 
fertile, bacteria in, 200. 
good, 29, 142. 
good combinations, 22. 
gumbo, 97. 
heavy, 116, 121. 
inorganic matter in, 143. 
irrigation, see Irrigation. 
kinds of, 19-26. 
loam, 8, 21, 22, 24, 53, 101, 139. 
marsh, 422. 
mechanical condition, 31. 
moisture in, 115. 
moisture retaining, 43-48. 
nature of, 7-10. 
organisms APs 27-30. 
origin of, 
plant eens in, “AT. 
porous, 8, 71. 
puddled, 32, 70, 123. 
rich, cultivation, 56, 121. 
salty, 98, 107. 
sandy see Sandy soil. 
sterilization, 28. 
structure, 31-33. 
testing, 59-62. 
tilling, 11-17, 45, 47. 
washing of, 40, 124, 196. 
water in, 34— 41, 119. 
watering, 123-125. 
weight, 24. 

Soot as fertilizer, 190. 

Sorghum, 64, 239, 274. 


Soy bean, green crop manure, 147, 184, 223. 


soil, 65. 

Spinach, 64, 274. 

Squash, 64. 

Strawberries, fertilizer for, 274. 
irrigation, 110, 130, 135. 
soil, 65. 

Sub irrigation, 136. 

Subsoil, 7, 8, 109, 119, 121, 123, 196. 
drainage, 71, 72, 97. 

Subsoiling, 116. 

Sugar cane, irrigation, 122. 


Sulphate of, ammonia, 54, 146, 161, 162, 166, 


246, 255, 258, 259. 

lime, 155. 

magnesia, 244. 

potash, 243, 245. 
Sulphur, 50, 142, 178. 
Sulphuric acid, 200. 
Superphosphate, 166, 255. 
Sweet potato, soil for, 65. 
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Tankage, 160, 164, 166, 242, 254, 255. 

Testing soil, 59-62. 

Thomas’ slag, 245. 

Tile drains, 75-92, 

Tilling, object of, tt 17, 45, 47. 

Timothy, 64, 147. 

Tobacco, 64, 174, 245, 275. 
stems, 147, 242 

Tomatoes, fertilizer for, 276. 
greenhouse, 

Tools, drainage work,78-80. 

Transpiration, 35, 115, 193-195. 

Trees, fruit, see Fruit trees. 
transplanting, 195. 
watering, 130, 136. 
young, fertilizer for, 270. 

Trench irrigation, 135. 

Trenching, 16. 

Turning under, 186, 187. 

Turnips, 65, 147, 204, 276. 


Underdraining, 77. 
Urea, 160, 163, 166, 242, 243. 


Vv 


Vegetable, crops, 108, 110. 
irrigation, 135. 
see Volume 2. 

Vetch, 184, 226. 


Water, amount in soil, 35-42. 
capillary, ills., 37, 38, 101. 
circulation, ills., 34. 
control, dyke, ills., 128 
economy in use, 119, 124. 
effect on crops, 110, 111. 
excess of, 107 
film, 72. 
for various crops, ie 121. 
gravitation, 38, 1 
hydrostatic, 37. 
hygroscopic, 101. 
lack of, effect, 193. 
measuring, 119-122. 
sewage, 113, 114. 
standing, 40. 
surface, 101. 
table, 102, 109. 
use by plants, 193. 
waste, 16. 

Watermelons, 65, 155, 276. 

Weeds, 57, 71, 148, 209 

Wheat, fertilizer, 245, 276. 
fertilizing constituents, 147. 
irrigation, 111 
roots, ills., 224. 
rotation, 220. 237. 
water required, 117, 120. 

Wilt, cause, 27, 

Windbreaks, 49, yee 


Origin of the Soil 1 


Chapter I 


THE ORIGIN OF 
HE SOL 


Countless millions of people have sprung from and returned 
to the soil of the earth. 


In the Old Testament are records of vast armies, unequalled 
in numbers by any of modern times; of hordes that lived and 
died through many centuries. Asia has been peopled, for we 
know not how many thousand years, with masses and Europe 
has been over-run with humanity for centuries. 


On the American continents races of large numbers have 
lived, for no one knows how long, and disappeared; the last 
of the natives in North and South America dwindling gradually 
to comparatively few. 


It is impossible to estimate the multitudes that have lived 
in past ages—and died. In our own times more than 3,500 
persons die every day in the United States. In a month of 
thirty days that is 105,000 persons—1,260,000 in a year. 


We know from remains found, that the earth was inhabited 
by monstrous animals of various kinds, far greater in size 
than the elephant, also gigantic birds, all of which have passed 
into the earth and are now extinct. 
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The people who have lived before, raised flocks and herds. 
Hundreds of kinds of wild animals have lived, reproduced 
their kind in numbers. All have returned to earth except those 
now remaining. Many animals including some within the 
memory of persons now living have become extinct or nearly 
so, such as the wild pigeon, which were so numerous as to be 
troublesome to farmers seventy years or so ago, also the bison 
which once covered the plains of North America. 


Luxuriant growth of plants, far greater in size than those 
now found, with the possible exception of the California red 
wood, as shown by fossil remains, finally covered the dry por- 
tion of the globe, or that inundated only to shallow depths. 


Taking the animal population as a whole, including human 
beings, there is a more or less fixed percentage expiring every 
day. The same is true in the plant world. All going back to 
earth. Life seems to be sort of a perpetual dying, and resur- 
rection in births, and then the destruction of the living animal 
and vegetable matter. This process supports the life of the 
living, including the human race. 


It is seen, therefore, that the soil is not only the physical 
source of all life, but also a result of the life it nurtured. Soil, 
and life itself, are in a way synonymous. Consequently, it is 
fitting to approach the study of the soil, and its cultivation, 
with due regard for the importance, dignity and beauty of the 
subject. 


What Soil Is.—Take a handful of good garden soil, place it 
in a pan and heat it. The moisture will evaporate and the 
soil will become dry. Continue the heating and it will smoke, 
finally sending off an odor of something burning. This is or- 
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ganic matter (either vegetable or animal life) or residue, or both. 
It is this organic matter that makes soil loose and mellow and 
more retentive of moisture. 


Mineral matter does not burn. After the burning process, 
the matter remaining will be found similar to the particles in 
sand and sufficiently hard to scratch the polished surface of 
metal or glass. 
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STAGES IN DECAY 


Soil developed from crushed rocks and animal matter 


Originally, the dry surface of the earth was all mineral. 
The soil has been made from rocks, ground up by the action 
of flowing water; water expanding in freezing and breaking 
the rocks; monstrous glaciers moving forward with tremendous 
weight, grinding the rocks to powder; low forms of plants start- 
ing in crevices, first the lichens and mosses, followed by larger 
plants growing in the decayed remains of the others, mixed 
with particles of crushed rocks. The process continued pro- 
gressively, great roots still further tearing the rocks asunder. 
Soft as a mushroom is, it has been known to raise a heavy 
flag in a stone walk several inches, showing the force of even 
so tender a plant. 
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The surface of the earth which was originally all mineral was ground up 
and developed into soil by various forces 


A Soil. B Subsos/. © Country Rock. 


The passing of water, gravity, cold and heat played their parts in 
dividing the surface of the earth into 3 distinct layers: A, Soil; B, Sub- 
soil; C, Country or basic rock 
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The action of cold and heat played their parts in crumbling 
the rocks. Finally great trees were felled by the elements and 
these decaying added greatly to the surface soil. The foliage 
of trees and plants dropped annually, grasses and other plants 
grew and died; animal life appeared, died and decayed, the 
process continuing for ages, as in preparation by a wise Creator 
for the habitation of man, and animals were provided for his 
support and comfort. 

It is supposed that the first plants that appeared lived wholly 
or largely immersed in water at a time when the earth was 
covered with water. Finally, as the land appeared, the plants 
occupied the land and some scientists are of the opinion that 
the plants changed their character, abandoning the water for 
the land. Gradually, the plants obtained more air and direct 
sunshine, developing from herb to shrub and from shrub to 
tree. 
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Chapter IL 


THE NATURE OF 
aE SOIL 


To grow crops profitably, good, rich, deep soil is essential. 
With intelligent labor, almost any soil can be made good. The 
better the soil to start with, the easier and less expensive it will 
be to get it into profitable productive condition. 


Soil is what we call the top layer of the dry surface of the 
earth. In thickness, it varies from a thin coating to several 
feet. Usually, on cultivated lands, the soil extends to the plow 
line and sometimes deeper. The deeper the soil, the more pro- 
ductive it is likely to be, other conditions being favorable. 


Subsoil is the harder earth beneath the surface soil, and this 
may be sand, clay or gravel. In the humid regions of the East, 
where there is liberal, frequent rainfall, there is generally a 
definite line of demarcation between the soil and the subsoil. 
In the hot and waterless regions of the country, there is little 
difference between the soil and the subsoil. 

- Deepening the soil is good practice, but this should be done 
gradually. If plowing has been six inches deep, go an inch 
deeper the next plowing and so on each season, until the soil is 
worked down to a depth of ten or twelve inches or more. Care 
is necessary in this operation as the productiveness of the top- 
soil may be greatly reduced by introducing too much subsoil into 
it at one time. 
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Soil six inches deep is very shallow; from six to twelve inches 
is shallow, although in some parts of the East, soil a foot deep 
is spoken of as ‘deep soil.’”” And good crops are raised on soil a 
foot in depth.. From twelve to twenty-four inches is deep, but 
is only considered medium-deep in regions of very deep, rich 
soil. Twenty-four to thirty-six inches is very deep soil. Under 
favorable conditions a corn plant will send its roots down three 
feet into the earth, which shows the desirability of deep soil. 


SOIL SECTION 


Diagram illustrates a further division of the soil 


Good Subsoil.—Retentive power in the subsoil is valuable, 
as it aids in storing water and prevents the leaching or draining 
of soluble plant foods. 


Nonporous subsoil under heavy soil is bad. Porous subsoil 
under sand is bad. Heavy soil with a porous subsoil, or sand 
soil with nonporous subsoil are conditions to be desired. 
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Color of Soil.—The light or dark color of a soil indicates the 
lack or presence of organic matter. A dark soil, provided 
drainage and climatic conditions are favorable, is usually a pro- 
ductive soil. 

A dark soil absorbs heat faster than a light soil, and other 
conditions being equal, will mature crops earlier than a light 
colored soil. A dark red soil will absorb heat almost as rapidly 
as a soil nearly black. A red or dark blue soil, usually indi- 
cates poor drainage. Color alone cannot, however, be depended 
upon to prove a soil either rich or poor. 


Plow turns up not more than one 
inch of subsor/ each year 
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Too deep a cut into the subsoil would weaken the quality of the surface soil 
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Chapter II 


THE OBJECT OF 
TILLING 


- Few there are who fully realize that the life of the inhabitants 
of the earth and the perpetuation of the human race depend on 


STRAIGHT + WELL TURNED FURROWS 
N, Y, State College Agriculture 


the skillful management of the soil. During the World War, it 
will be remembered that little sugar was obtainable, regardless 
of price offered. That was as near to a famine as Americans 
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have approached. But it indicates what could happen if soil 
cultivation should not be expertly attended to. Food cannot 
be manufactured; it comes only from the soil and considerable 


time is required to produce it. 
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The grower has many things to consider 


Atay 


Tillage is the care of the soil in which crops grow. Its object 
is to provide proper food, moisture and air for the plant roots 
and for the soil organisms which help support the plants and to 
discourage injurious organisms. 


The object of the farmer and gardener should be to make the 
soil, at all times, deep and so full of organic matter as to hold 
ample moisture; to keep it stirred for aeration during the season 
when it can be worked; and to keep it neutral or sweet. 


Object of Tilling tS 


All this is necessary so that the beneficial soil organisms may 
multiply and the plant roots spread rapidly. 
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The accumulation of surplus water should be prevented; the 
availability of water and plant food determined; the plants 
properly fed so growth may be vigorous and uniform throughout 
the field; weeds kept down and erosion or surface washing pre- 


vented. 


Large tracts are turned with a plow and then disked and the 
surface fined with a harrow. Small plots such as gardens are 
usually worked by hand, with a spade or garden fork, as in this 
manner the work can be done more conveniently and thor- 


oughly. 
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Tillage implements include plows, harrows or drags, rollers 
or crushers, and cultivators. 


TURNING UNDER GREEN CROP—ALFALFA 
U.S. Dep’t Agriculture 


The plow is for the first preparation—turning over the soil, 
covering stubble, manure and rubbish. 


The disk harrow follows the plow, parallel with the furrows, 
on sod or heavy soils and is sometimes used in place of the plow 
on light soils. This is followed by the spike tooth harrow. 


Cultivators are used to stir the soil between the rows of grow- 
ing crops, to keep down weeds, preserve the moisture in the soil 
and increase aeration. 
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The disk harrow is best for fields filled with roots or rubbish, 
as it chops these up without clogging the implement. 


HOW THE SPRING TOOTH HARROW IS USED 
U.S. Dep’t Agriculture 


HARROWING RBS FIELD WITH SPIKE TOOTH HARROW | 
U.S. Dep’t Agriculture 
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The spring tooth harrow will fine the soil more deeply, after 
plowing than the spike-toothed harrow. Where large lumps are 
brought to the surface, they may be crushed by other means. 


The roller is to pulverize lumps and compact the soil. Sod 
land is rolled after plowing, traveling with the rows, followed by 
a disk harrow. 


Shallow stirring or cultivating prevents disturbing the roots 
of crops. Deep cultivating wastes water. Frequent and shal- 


low cultivation, before the weeds get deep root is preferable to 
deeply stirring the soil, after crops have started. 


ae fs 2 earth 


hoes section A 


SEE TEXT FOR EXPLANATION OF THIS DIAGRAM 


Trenching.—Where exceptionally good results are desired 
or it is the object to immediately make the soil as deep as 
possible, trenching is resorted to. This is, however, more 
common in Europe than in America. The object of trenching 
is to loosen the soil and enrich it deeply, without bringing the 
subsoil to the surface. Here is the process: 


A trench is dug crosswise of the bed, to the width and depth 
of the spade, in section A. The topsoil from section A is trans- 
ported in a wheelbarrow or otherwise, and piled at the other end 
of the bed, at K. Then manure is thrown in the trench and the 
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bottom section, B, turned over with the spade, working in the 
manure. This leaves an open trench at A. The topsoil from C 
is then thrown into the trench A, and section D is treated as 
was B, and the operation continued until section I is placed in 
G and J turned, after which the pile of topsoil at K, which was 
removed from section A, is thrown into I, and the bed is ready 
for planting. 

In turning the top sections A, C, E, G, and I manure is liber- 
ally incorporated with the soil. 

Wonderful sweet peas and other crops can be grown in this 
manner. 
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Chapter IV 


THE KINDS OF SOIL 


In considering the effect of various soils on plant growth, it 
is necessary to know the nature of the soil particles, the amount 
and distribution of the rainfall, the soil in relation to the land 
about it and factors affecting its relative temperature and water 
supply—depth of soil, nature of subsoil and its relation to plant 
roots, air and water. 


Rolling Land.—It is rarely that fields of a considerable roll- 
ing character can be. maintained at as high a productive capac- 
ity as level fields. Water drains quickly from the higher to 
the lower levels, causing a deficiency on the elevations, washing 
out or leaching of plant food which may be lost in the drainage. 
At times this causes an excess of water at lower levels. Washing 
or erosion of the land is often troublesome on hillside areas. 


Clay is finely pulverized soil, made of parts so fine they 


can only be seen with the aid of a microscope. The particles 


are 0.0002 inch in diameter. Clay is soft and sticky when wet, 


| has a greasy ‘‘feel” and can be moulded into forms. It is hard 


when dry and is difficult to work when either wet or dry. 
Clay soils hold water and are cold; they are heavy—that is, 
closely compact. 


Clay soils can be improved by draining with ditches or tile 
drains. They can also be improved by working into them large 
quantities of organic matter such as stable manure; or by 


growing green crops such as rye, clover or other crops and 
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turning them under. The liberal use of lime or pulverized 
limestone is also beneficial on clay. Sodium nitrate, called 


BAD SOIL CONDITION THAT CAN BE QUICKLY IMPROVED 


nitrate of soda, on heavy clay soils causes deflocculation, 
making the clay stickier or more adhesive, causing it to shrink 
more in drying and leaving large cracks at the surface. This 
should be considered in using nitrate of soda, as a fertilizer 
on clay soil. 


Clay soil in small gardens can be quickly improved by 
spreading evenly over the surface, two or three inches of range 
or furnace ashes. Ashes from a power steam boiler are not 
suitable. Or, sand may be used in place of ashes. After the 
ashes, or sand, have been evenly spread, turn them under. 
Break up the soil as completely as possible in the operation 
and mix the ashes or sand thoroughly with it. Then spread 
manure or decayed leaves over the surface and in like manner, 
turn these under. 
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Very stiff clays may require this treatment a second season 
_ until the hardest clay is made soft and friable. 


LG es Ee ’ se bak i 
BADLY DRAINED AND POORLY TREATED CLAY SOIL 
Courtesy U.S. Dep’t Agriculture 


Loam is a mixture of clay and sand. A clay loam has more 
clay than sand and a sandy loam contains more sand than 
clay. Loam is granular and porous; moisture passes through 
readily; fertilizers are retained and plant roots thrive in it. 


Sandy soil is known by its grain and by its gritty feeling 
| when rubbed in the hand. The particles can readily be dis- 


\tinguished. It is loose, open and porous and does not adhere 
| when compacted. It is light and warm and the drainage is good. 


| 


/Sand is any rock fragment between 0.5 and 0.05 mm. in diam- 
eter. Sandy soil is improved by liberally adding organic matter. 
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Sandy soil, when well fertilized, has many advantages over 
cold, poorly aerated clay soils. Clay soils are more difficult to 
drain and work. This is particularly true when irrigation is 
to be practiced. 
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GOOD COMBINATIONS OF SOIL AND SUBSOIL 
Clay is satisfactory soil when in combination with other lighter soil 
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Sandy soils are inclined to yield early crops of high quality 
rather than heavy crops. The tendency of sandy soil to drought, 
except where the water table is high or near the surface, induces 
early maturation and sowing can be done early in the season, 
before heavy soil can be worked. Market garden produce, 
fruit and nursery stocks are often raised on sandy soils. 


Organic manures are necessary to increase the water holding 
capacity of sandy soils. Frequent green manuring and cover 
crops are essential. Ground limestone and Kainit are profitable 
to use on sandy soils and nitrates often give remarkable re- 
sults. Phosphates are not usually required. A careful test 
should be made before adopting any costly plan of fertilizing 
sandy soils. 


Silt is composed of particles in size between sand and clay. 


Gravel is small, more or less rounded stones and pebbles. 
Gravel is suitable for growing some tree fruits and vines, 
such as grapes. 


Peat is composed almost wholly of partially decayed vege- 
table matter. It is formed in swamps, on the edges of lakes 
or ponds, where the plants spring into growth every year and 
die down, the process continuing for years, eventually forming 
a deep bed, in some cases completely filling the depression 
which formed the lake or pond. When thoroughly dried, peat 
makes excellent material for lightening heavy soil. 


Muck is peat in a more advanced stage of decomposition. 
When properly drained and cultivated, it grows good crops 
of celery, lettuce, onions, potatoes, radishes and some other 
crops. 
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Weight of Soils.—Fine sandy soils are in reality the heaviest 
in weight, although they are called light soils. Peat soils are 
the lightest when dry. Saturated with water, however, a cubic 
foot of peat soil weighs more than a cubic foot of sand. 


The weight in pounds of soils, per cubic foot, is approximately 
as follows: 


Fine sandy soil, 1 cu. ft. weighs in pounds...... 95 to 110 
Loam soil, 1 cu. ft. weighs in pounds........... 75 to 90 
Clay soil, 1 cu. ft. weighs in pounds............ 70 to 75 
Peaty soil, 1 cu. ft. weighs in pounds........... 25 to 40 
Prairie soil, 1 cu. ft. weighs in pounds.......... 75 


Soil Particles.—It has been estimated that a gram, or about 
one-half ounce, of productive soil contains from 2,000,000,000 
to 20,000,000,000 soil particles; soils that contain less than 
1,700,000,000 soil particles are unproductive. 


The number of particles per gram of different types of soil 
is approximately as follows: 


Barly tick oh.) £00). b002.% GER 1,955,000 ,000 
Rruckwand small fruit: 2... eee 3,955,000 ,000 
TLODACCO ta tau Seiths Ute < ok ain ae toe et 6,786,000,000 
Wealth Weel Ochs 01) Beene 10,228,000,000 
Grassandiwheats 4.2 fs TR ee, Se 14,735,000 ,000 
HeWMESTONE Sore chides ss se Ue ee 19,638,000 ,000 


If the particles are all spheres in a cubic foot of soil, a sur- 
face area of from two to three and a half acres is available to 
contact the plant roots, in this one cubic foot! 
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Alkali Soil.—Soils containing sufficient alkaline salts to be 
_ destructive to vegetation (such as sodium sulphate, sodium 
or potassium carbonate or chloride), found in semi-arid regions, 
are called alkaline soils. Alkaline compounds coat the surface, 
when evaporation takes place. Sodium carbonate dissolves the 
humus and forms a black solution which causes black alkali. 

Some soils supposed to be alkali, on account of their white 
coating, are in reality limestone soils. 

When alkali land is to be cultivated, the alkaline content 
should be determined by chemical analysis. Sometimes good 
drainage and proper irrigation is all that is required to im- 
prove it. Irrigation without drainage may make the condition 
worse. Deep plowing should be practiced and a few loads of 
good soil from a fertile field added, to encourage nitrification. 
Oats are the safest crop for the first seeding. 


Residual Soils are soils formed where they are. That is to 
say, they have not been transported by any means. 


Cumulose Soils consist of soils that have accumulated in 
basins. This soil accumulates from plants growing and finally 
falling down to be covered by the water in which they were 
growing, eventually forming beds of peat or muck. 


Colluvial Soils are made up of fragments of rocks, detached 
-from the heights above, in hills or mountains and carried down 
the slopes by gravity to the valleys below. 


Alluvial Soils are soils that are transported or have settled 
down, after being carried by water, or soils deposited by 
streams that sometimes overflow their banks. In valleys, col- 
luvial deposits sometimes mingle with alluvial deposits. 
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Marine Soils consist of soils that are constantly being car- 
ried away by rivers into the sea. They usually consist of 
stratified gravels, clays and sand subsequently raised above 
the sea, due to a change in land elevation. Marine soils are 
quite widely distributed in the Eastern states. 


Glacial Soils are usually composed mostly of clay loams or 
silt loams. The prevailing colors are gray, brown or black and 
sometimes blue clay. The hill soils of central New York are 
largely glacial formation. 


Lacustine Soils vary widely in character and are spoken of 
as glacial lake soils. They are formed in lakes by the action 
of glaciers. Found in New England, westward along the Great 
Lakes to the Red River valley. 


Aeolian Soils are fine soils that have been distributed by the 
wind over large areas, as in the Mississippi, Missouri and Ohio 
valleys; also in Arizona and New Mexico, in which states it 
is called adobe. Sand dunes are Aeolian. soil. 


Adobe Soils are fine calcareous clay or silt and when irri- 
gated are very fertile. 


Loess Soils are usually a fine calcareous silt or clay, de- 
posited by the action of the wind. These soils are high in lime 
and phosphoric acid content and cover large areas in the cen- 
tral United States. Where moisture conditions are favorable, 
loess is a very fertile soil. 


Calcareous Soils are soils where calcium carbonate content 
exceeds average content by about ten per cent, becoming the 
controlling factor in the soil’s properties. The fact that cal- 
careous rock abounds is not proof that the soil itself is cal- 
careous. 
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Chapter V 


SOIL LIFE 


A moist, rich soil contains many classes of micro-organisms. 
Their precise relation to the growing plant has not been deter- 
mined. Some are valuable and important as they are conducive 
to the production of plant nutrients. Some are harmful to 
plants. 


Injurious soil bacteria and fungi cause trouble by attacking 
the roots of plants causing knots on the roots of cucumbers, 
tomatoes and other plants. Others attack other parts of the 
plants, but may live in the soil during their spore stage. Wilt 
of watermelons, cowpeas, tomatoes and other plants are some 
of the results. The damping off of seedlings or cuttings are 
caused by soil organisms and so are galls. Infected soil usually 
remains so for a long time. 


Some organisms in the soil cause diseases in human beings, 
such as typhoid fever. These sometimes find their way through 
drain water into wells, causing the spread of the disease directly 
through the drinking water, or indirectly through it in cow’s 
milk. 

Among these invisible soil organisms are yeasts, protozoa, 
fungi and bacteria. As many as 30,000,000 have been found 
in a gram of rich soil. 

Not all the experiments of investigators of soil organisms 
up to the present time can be considered final. The results in 
some cases may have been deceiving and later will be contro- 
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verted. Much remains to be learned by soil chemists and bot- 
anists regarding the soil and its relation to growing crops. 


Sufficient is known, however, to prove that unless the soil 
abounds with unseen plant life, it will not produce crops. 


Leguminous plants, such as peas and clovers, possess nodules 
on their roots which contain numbers of bacteroids. The 
’ organism, which has been named Bacillus radicicola, enters the 
plant roots at an early stage, and having brought about the 
formation of the nodule, manufactures nitrogen compounds for 
the plant, from the nitrogen of the air. 


Some trees and shrubs, including beech and heather, become 
associated with fungi which grow on their roots and aid in their 
nutrition. 


Some bacteria cause changes which make the elements in the 
soil available for plant food. The vegetable, animal and organic 
matter in the soil are decayed by the action of the bacteria and 
not until then can the soil be utilized as food by the growing 
crops. 


Bacteria abound in manure piles as well as in the soil. They 
need no light, but require air, moisture, warmth and food. 
Helping the favorable bacteria to thrive, helps to keep the 
unfavorable under control. 


Simplification of soil population in some cases may lead to 
increased productiveness, as shown by recent experiments in 
partial soil sterilization by the use of steam. On the other 
hand, conditions which have been favorable to life in the soil, 
warmth, moisture and organic manures, used in greenhouses, 
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lead to reduced productiveness of crops aftera time: Appar- 
ently the detrimental organisms increase too rapidly under 
: these conditions and affect the growing vegetable or flowering 
plants. 


Good Soil must contain, not only food for the plants, but 
moisture and air for both bacteria and plant roots, and be 
sufficiently soft to permit the tender, thread-like roots to pene- 
trate. The vigorous development of plants above ground 
depends upon the flourishing root development in the soil. 


Too much manure may result in denitrification. Market 
gardeners who use manure very heavily, at the rate of forty tons 
to the acre, sometimes have this trouble. Heavy and continued 
green manuring may produce the same result. This is corrected 
by permitting the organic matter to partly decompose, before 
adding chemical fertilizer. 


Fungi and bacteria cannot live without oxygen, nor can the 
roots of plants. Seeds will not germinate without it. The more 
air there is in the soil, the more fertile will it be. Rainwater 
sinking into the earth carries air with it. 


Where rainfall is insufficent, there may be too much air in the 
soil. In dry regions the effort should be to increase the moisture- 
holding capacity of the soil, without making it so light as to dry 
out. Compressing by rolling and packing, rather than deep 
stirring, is needed in such cases. 


Organic matter increases the volume of air in the soil, which 
in humid regions is beneficial. In arid sections it may be 
injurious unless the soil is supplied with sufficient water to keep 
the soil damp. The organic matter might otherwise make the 
soil so open as to cut off all capillary attraction, and the surface 
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would become completely dried out, resulting in the loss of 
whatever was planted on it. 

About ten per cent of the volume of normally moist soil is 
occupied by air, but this constantly varies inversely as the 
amount of water varies. 


Where Aeration is Needed.—-From the western end of the 
Corn Belt, throughout the East, also in all humid sections and 
on all irrigated lands, the soil needs ample aeration through 
cultivation, drainage, rotation cf crops and manuring. Plow- 
ing, harrowing and cultivating are the necessary operations, 
and manuring to increase the organic content of the soil. 


Want of Air Causes Loss of Nitrogen.—The bacteria in 
moist soils, requiring oxygen, are largely, but not entirely, 
dependent upon air for their oxygen supply. In the absence of 
air-oxygen, they have the power to destroy certain chemical 
compounds for the oxygen these compounds render. According 
to Prof. Joseph A. Jeffery, the nitrates are among the com- 
pounds they destroy. 

When air is excluded from a soil containing nitrates, the 
bacteria attack the nitrates and remove the oxygen from them 
and thus render the nitrogen of the nitrates useless for the crops 
and the rate of destruction may be rapid. Sufficient nitrate has 
been destroyed in two weeks to produce a crop of wheat. This 
is denitrification and the bacteria are called denitrifiers. 
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Chapter VI 


SOIL STRUCTURE 


The structural condition of the soil is a point to be carefuly 
studied. It is the structure of the soil that determines the 
circulation of air and water. In improving soil conditions 
structural and physical changes are just as important as chem- 
ical changes. 


Soil Structure refers to the arrangement of soil particles. 
The structure may be loose or compact, friable or hard, or 
granulated. 


Soil Texture refers to the size of the soil particles and the 
number of the particles in the soil. Soil texture cannot be very 
greatly changed. . 


Good Mechanical Condition of Soil—When soil that is 
moist will crumble when compressed in the hand and _ be- 
comes loose when tilled, it is in good mechanical condition for 
growing crops. 


Physical Condition of Soil relates to its organic, mineral 
and moisture content. 


Plasticity is the sticky condition of soils when wet. The 
finer the soil texture or particles the greater the plasticity. 
Clays with the finest texture have the greatest degree of plas- 
ticity. A plastic soil, moulded into shape when wet, will re- 
tain that shape when dry. Sand may be somewhat plastic when 
wet, but when dry, it falls apart. 
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Plastic soils exhibit a certain amount of expansion in wet- 
ting and shrinkage upon drying. The checking of clay soil 
when dry is an illustration. As the soil dries the film of water 
at the surface is gradually reduced about the soil particles, 
which move closer together as the water evaporates and the 
cracks are the result of the shrinkage. As the cracks open, 
evaporation is hastened and their depth increased. 

Where large cracks occur, the roots of plants may be broken 
--or injured. 


Remedies required in such soils are:—First, reduction of 
soil moisture by proper drainage; second, the addition of a 
binding material found in lime; third, liberal addition of or- 
ganic matter, and fourth, tillage. 

The more plastic the soil is, the more likely it is to become 
puddled by tilling, particularly if it is not well drained. 


Puddled Soil is soil in which’the particles fit so closely to- 
gether as to leave practically no pore space between the soil — 
particles. It prevents root development, also the circulation 
of air, and is almost impervious to water. 

A clay soil should not be plowed or worked while wet as the 
soil particles would then be worked into a puddled condition 
and become very hard when dry. Such soil should not be 
plowed until it will turn over and granulate well. Some sandy 
soils may be plowed or cultivated immediately following a 
hard rain. 


Improving Plastic Soil.—Plastic soil is usually cohesive, its 
particles stick together in an intact mass. Soils of this character 
are improved by making them more granular and friable by 
good drainage, a liberal supply of organic matter and eae 
application of lime or ground limestone. 
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Improving Sandy Soil.—Sandy soils will be made more plas- 
tic and cohesive by the liberal addition of organic matter and 
lime in small quantities. 


Organic Matter in the soil’s structure is commonly called 
humus. Technically, humus is not a definite single substance 
but an indefinite and complex mixture. As stated elsewhere, 
organic matter is composed of either vegetable or animal mat- 
ter or both. It increases the water holding capacity of the soil, 
stores up the energy of the sun, nourishes the growing plant, 
liberates energy for and nourishes micro-organisms. Com- 
paratively little is known at present of the entire function of 
the organic matter of the soil. Scientists are learning more 
about it, but the difficulties encountered in the work are al- 
most insurmountable. 


Organic matter slowly disappears from the soil and the 
supply should be kept up and increased. — 

Leaves that fall from trees in autumn are a valuable source 
of organic matter. This precious material is frequently per- 
mitted to go to waste and is often destroyed by burning. Not 
much attention was formerly paid to the importance of using 
leaves as a fertilizer until manure became scarce. The im- 
portance and value of saving and storing leaves is now gen- 
erally acknowledged. 

In France, Belgium and Germany, for example, the re- 
moval of leaves from the forests, by farmers who appreciated 
their value and applied them to their lands, has led to such 
bad effects in the state forests, that the practice is now for- 
bidden. 
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HOW WATER CIRCULATES AND NOURISHES PLANTS 
Plants transpire from 200 to 500 pounds of water to each pound of plant 


Water in the Soil 35 


Chapter VII 


WATER IN THE SOIL 


Different substances in the soil are required for plant growth, 
but only such as dissolve in water in the soil, can be taken up 
by the plant roots, passing into the plant to be utilized for its 
growth. 


Importance of Water.—Growing plants are composed largely 
of water. From sixty to more than ninety per cent of the green 
weight of staple crops is water. Most of this water is taken 
from the soil and contains the food which passes up to the leaves 
where it is digested, the surplus water being passed off into the 
atmosphere. The evaporation of water from the leaves of trees 
is one reason why the air in a piece of woods is considerably 
cooler than that surrounding it. Trees about the house, in 
addition to the cooling shade, reduce the temperature by the 
moisture that transpires through the foliage. 


On hard land rain runs off or is held on the surface. It is 
important to have the soil soft, so the rain water can sink in 
and be held there for use by the plants between rains. In dry 
time, the water that has sunk in, is drawn up by capillary 
attraction, as the oil in a lamp is drawn up through the wick, 
to the flame. 


Plants transpire from two hundred to five hundred pounds 
_ of water for each pound of dry matter, in the humid regions and 
double that in arid regions. 
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Table of the amounts of water (by Prof. F. H. King) in tons, 
per ton of dry matter and in inches of water per ton, lost 
through transpiration through the plant and evaporation. 


Evaporation Table 


Tons of Water 
Dent Corn used 309.8, equal to 2.64 in. of water per 1 ton of dry matter 


Flint ‘“‘ “ 233.9, ““ Gay UE ch ‘é ING) Mid uC ‘ec 
Red Clover Jy 452.8, “e “6 4.03 Vee 2G “é ‘é 1 “ ae ee “ 
Barley “c“ 392.9, “<< 6“ 3.43 $6) 6G 6“ ““ 1 “cc “ “ “c 
Oats sé 522).4, “6 ““ 4.76 Ve ad <<“ AG 1 “cc “cc 6“ ““ 
Field Peas a 477.4, ‘6 “ec 4.21 eG “c “e 1 “cc “ “ “ 
Potatoes ss 422.7, “6 “6 Oa: Ad Oe ““c “ 1 “cc “cc “cc “cc 


Experiments in Prussia showed the amounts of water with- 
drawn from the soil and released in the air, almost wholly 
through the plant, per pound of dry matter produced, to be as 
follows: 


IBAamlevacie as). obo. i. . Val 310 Ibs 
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(CEs ee A 376° “ 
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ease dee bh ds os od. aleteel a ee Pao me 
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The Richer the Soil the Lower the Transpiration Ratio.— 

Other experiments show that in producing a forty-bushel crop 
of wheat to the acre, the plants will use about six hundred tons 
of water, not including what escapes from the soil by evapora- 
tion, so it is plain to see the necessity of an ample and constant 
supply of water. 
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Increasing the fertility of the soil by drainage, green or barn- 
yard manures, fertilizers, lime and good tillage will give a greater 
amount of plant production for the quantity of water utilized. 

It is interesting to know that an inch of water covering an 
acre of land weighs about 226,875 pounds or more than 113 tons. 


Humid Region.—There is no well defined humid region. In 
the northern portions of the country, where the annual rainfall 
(precipitation) is as much as fifteen inches a year, we find this is 
about the western limit of the humid or reasonably successful 
farming regions. This takes in the Dakotas as the general 
western limit. Farther south, on account of more sunshine, 
increased heat, higher wind velocity, etc., twenty inches of 
annual rainfall will represent the humid limit. 

Much of the Pacific Coast is humid, although portions of 
California, Washington and Oregon are arid, while some locali- 
ties in the so-called arid regions are humid. 


Hygroscopic Moisture is moisture that a dry soil can absorb 
from a moist atmosphere. 


Capillary Water is water held by capillary or surface forces 
which, being stronger than gravity, prevent water from being 
lost by drainage. This is referred to again under Gravity 
Water. 


Hydrostatic Water is the standing water that maintains a 
given level below the surface, depending on the quantity of 
water in the soil. It is commonly referred to as the water level. 


Movement of Soil Water.—Water in the soil moves about 
from place to place as the result of the attraction of gravity 
which draws the water down and also capillary attraction that 
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causes water to move in any direction from one part of the 
soil to another. 


CAPILLARY ATTRACTION 


CAPILLARY ATTRACTION ILLUSTRATED 


Fill a lamp chimney with fine, dry soil. Tie a cloth over the small end 

and place in a shallow pan. The water will gradually rise by capillary 

attraction. Using several chimneys with different soils, it will be seen 
that the water rises faster in some than in others 


Gravity Water.— Water that drains away in the soil is known 
as gravity water. As the water drains away, each soil grain is 
surrounded by a film of water, called film or capillary water. 
and the roots of plants make use of the moisture held in this 
way. The soil retains, by absorption and surface attraction, © 
from ten to twenty per cent of its weight of water. 
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Soils which present the largest aggregate surface area of the 
soil particles will likely retain the most moisture per cubic foot. 

Prof. F. H. King illustrates the matter as follows: A cubic 
foot of marbles, each one inch in diameter, has an aggregate 
surface of 37.7 square feet, but, if the marbles were reduced in 
diameter to one-thousandth of an inch, the total area per 
cubic foot would be increased to 37,700 square feet. It will be 
understood from this that fine grained soils retain much more 
water than coarse grained soils. 


\ZES, 


MAGNIFIED SOIL PARTICLES 


Surrounded by film of water, illustrating how the finest soil retains the 
most moisture 


‘The amount of water a soil may hold will vary, not only with 
the size of the soil particles, but also with the distance of the 
water-table or level of standing water below the surface, and 
the frequency of rains. 
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Where the water table is high and not so high as to interfere 
with plant growth, say five feet below the surface, a fine sandy 
loam will be moist under the surface, through long seasons of 
drought. 


In New Jersey, some of the sandy soils along the coast pro- 
duce fine crops when seasons are so dry that production is 
greatly reduced in surrounding, non-sandy soils. 


A considerable amount of soil moisture is unused by crops. 
- Thirty per cent and more likely fifty per cent must evaporate 
and drain away, before there will be sufficient air in the soil to 
permit root growth. 


Soils like sand, having a small water capacity, yield water 
more readily to plants than heavier soils and thus the difference 
in capacity, so far as absorption by the plants is concerned, 
may be nearly equalized. 

Prof. Buckingham found that loose clay contained twenty- 
six per cent of moisture at a height of forty inches above the 
water level and compact clay twelve per cent. Loose sand loam 
at the same height contained six per cent moisture, and compact 
sandy loam, ten per cent. 


Sandy loam soil, although lower in percentage of water, 
owing to the fact that it releases water more rapidly for the 
use of plants, produces better growing results than clay. 


If water stands for a considerable time on the land, it shuts 
off the soil air supply and kills the plants and the beneficial — 
bacteria. Lands that do not naturally drain the excess water 
must be drained artificially, before they can be depended on 
to grow good crops. 

A slight inclination of the land will give drainage. When 
the inclination is as much as five degrees, the field should be 
worked at right angles to the incline, to prevent excessive 
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washing. Steep hills are best used for fruit trees along the 
higher parts, or for pastures, woodlands or vineyards. 

Where tile drains are used, these should be placed about 
three feet below the surface. Open ditches will remove excess 
surface water and in some cases be all the drainage necessary. 
More will be told about drainage in a section devoted to that 
subject. 


Lay of the Land.—In addition to giving good drainage, land 
with a southern slope receives the sun’s rays longer and at a 
better angle than level land or that sloping to the north. 

In valleys and low situations, the soil cools more rapidly 
than on high ground and crops in valleys may be injured by 
late spring and early autumn frosts, while those on higher land 
escape. Thoroughly cultivated land is warmer than rough 
land, as it absorbs and holds more heat. Manure or other or- 
ganic matter decaying in the soil, produces as much heat by 
the time it is thoroughly decayed, as though it had been 
burned. 
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WINDBREAK OF TREES CHECKS WATER LOSS 
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Chapter VIII 


HOW TO RETAIN 
SOIL MOISTURE 


Autumn Plowing and Cover Crops.—Land plowed in the 
autumn will retain more moisture than that left unplowed. 


To prevent erosion, loss of plant food, to improve the phy- 
sical character of the soil and to add humus-forming material, 
it is desirable to cover the land with a catch crop. 

Of the legumes, soy beans, cow peas and crimson clover are 
used in the southern and central states, also vetch in the south 
and in the northern states. 

Of the non-legumes, rye, wheat, oats, barley, rape, buck- 
wheat and turnips are used generally on land plowed early in 
the autumn. 

Even though freezing weather kills the crop the autumn 
cover-crop will serve a beneficial purpose. 

In the early spring, re-plow, crosswise, if the land is suffi- 
ciently level. The double working aerates and pulverizes the 
soil, improving the physical condition sufficiently to pay for 
the extra labor. This is the experience of some of the most 
successful American operators. 

In sections where the soil is light or plows badly, autumn 
plowing may be impractical, unless done sufficiently early so 
the catch crop can make a fairly good growth. 


Some soils in arid climates may be over-mellow and require 
plowing a considerable time before they are planted, in the au- 
tumn, for example, when the planting is to be done the following 
spring. On soils of this kind, or very sandy soils, the disk 
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cultivator is used in place of the plow, where planting is to 
follow quickly. 


Where the seed bed is loose in the spring, it may be ad- 
visable to roll the land. This compacts the soil and establishes 
capillary action with the earth below, thus the moisture is kept 
from coming up, keeping the surface soil moist, enabling seed to 
germinate quickly. 


Mulch.—As soon as the seedlings are up, a mulch should 
be established by cultivating, to check the soil moisture from 
evaporating. 

The so-called soil-mulch keeps down weeds and conserves 
the moisture and fertility they would otherwise consume. It 
aerates the soil and increases the water holding capacity. 


In dry farming sections, a soil mulch should be maintained 
throughout the year. Where irrigation is practiced, mulching 
will make irrigation necessary less frequently, thus saving the 
cost of water. 


Soil mulches must be stirred frequently as they do not long 
remain effective, particularly early in the season when the 
earth is damp and the moisture works up from below and breaks 
down the mulch. There is an old saying that “frequently stir- 
ring the soil is as good as manure.” 

When the ground is covered with growing crops, the land 
is shaded from the drying power of the sun and protected from — 
drying winds, thus affording their own mulch, to an extent. 
On this account, close pasturing is injurious—that is, permitting 
grazing to an extent that takes the grass off close to the earth. 


_... Shelters, or Wind Breaks, of tall growing shrubs or trees, 
~ fences or buildings, check the loss of water evaporation by 
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shutting off the wind, making the land much earlier than when 
left exposed. 

A shelter of trees or shrubs takes moisture from the soil for 
some distance from the row, but generally is beneficial. 


Cultivate Promptly After Plowing.—Soil moisture will be 
held and evaporation checked, by light cultivation, about three 
inches deep, as soon as the land is plowed, after disking or 
harrowing. 

Light cultivation as soon as it is possible to work the land 
after a rain is good practice, as it is immediately after a rain, 
when the land is wet, that evaporation is greatest. 

Some crops, like corn, having roots close to the surface, will 
be injured by other than the shallowest possible cultivation. 

The use of straw, as between the rows of strawberries, may 
be used as a mulch for holding moisture. Stable manure is 
excellent and decayed leaves are useful for this purpose. 
Where a mulch of piend:s is used, cultivation st be required ~ 

only occasionally. : 
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BURLAP WINDBREAKS MAY BE A GOOD INVESTMENT 


Action of Plant Roots and Earthworms.—The action of 
plant roots causes changes in the soil structure by forcing the 
particles apart. Fine rooted plants, such as grass and wheat, 
are beneficial to tilth, aiding granulation. The organic matter 
left in the soil by the decaying roots is beneficial. Grass pro- 
tects the soil surface. Alfalfa roots work deeply into the soil 
sometimes reaching a depth of six feet, and in addition to 
gathering nitrogen, loosen up the soil to a considerable depth, 
the roots adding organic matter. 

Frequent rotation should be practiced on clay soils, so that 
constant plowing and the root action of different plants will get 
the land in good condition. 

Earthworms and burrowing creatures help improve the | 
condition of the soil. Darwin estimates that the quantity of 
soil passed through earth worms, in good soil, in a humid cli- . 
mate, amounted to ten tons per acre annually and that from 
one-tenth to two-tenths of an inch of soil is yearly brought to 
the surface, in land where earthworms exist in normal numbers. | 
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Chapter LX 


PLANT FOOD IN SOIL 


Nothing Is Lost in Nature.—All materials are returned to 
their source eventually. Animals, including man, vegetables 
and minerals are from the earth and find their way back finally 
to their source, providing plant food for new living plants. 


Tillage is necessary to get the soil in condition for plants, so 
they can utilize and thrive on the plant food in the soil. The 
plants, if edible, are consumed by man or animals, their char- 
acter changed and a portion returned to the earth in the form 
of manure. The balance reaches the earth again when the 
animal dies and is buried. Metals oxidize, or as commonly 
stated, rust or corrode, or wear away and fall back to the earth. 

Before the matter returned to the soil can be utilized by 
plants, the work of bacteria is necessary, as previously ex- 
plained, changing its condition, so it may be used again as 
plant food. 

Were it not for bacteria and fungi, the soil would soon become 
foul and unfit to support plant life. 


Oxidation in the soil, resulting from air and water, plays its 
part in disposing of organic matter. Decaying material pro- 
duces carbon dioxide and other products, which are solvents of 
mineral matter, aiding in producing nitrogen for the growing 
plants. 


48 Audels Growers Guide No. 1 


When crops are grown without returning plant food, the soil 
becomes unproductive. 

Crops called legumes, including clovers, vetches, peas and 
beans, leave the soil in a fertile condition, especially when the 
crop is plowed under. 

A kind of bacteria which produces nitrates in the soil is 
called collectively, nitrobacteria, and these produce root 
nodules, storing up in these nodules the nitrogen drawn from 
the air. Four-fifths of the atmosphere, by volume, is nitrogen, 
and the leguminous plants, assisted by the nitrobacteria, fix in 
the soil, on the plant roots, the nitrogen which is drawn in from 
the air. 

Even though the legume crop is harvested, the soil is benefited 
from the nodules on the roots that are left in the ground. 
Crops like crimson clover, red clover or alfalfa may acquire 
from the air, within a single growing season, as much as two 
hundred to three hundred pounds of nitrogen per acre. 


Inoculating Legumes.—In soil where any of the legume crops 
are to be grown for the first time, it is advisable, either to 
inoculate the seed before sowing, with cultures sold by seeds- 
men for this purpose, or may be obtained at somestateexperiment 
stations; or to spread on the land, soil from a field where a good 
crop of the same kind of a legume has been grown. Treating. 
the seed prevents the danger of bringing in troublesome weed 
seeds or plant diseases which may occur where soil inoculation 
is used. | 

Bacteria from one species of legume are not adapted to pro- 
duce nodules on other species of legumes, so in inoculating soil 
for alfalfa, bacteria from an alfalfa field should be used and 
from a cowpea field for cowpeas and so on. 
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Chapter X 


THE ELEMENTS 


The earth and the atmosphere are composed of elementary, 
indivisible substances and combinations of these elements. 
Eighty-three elements have been recognized and classified by 
chemists. Symbols are used for convenience in expressing the 
combinations into which they unite. A table of the elements 
and their symbols will be useful in order to understand the 
meaning of symbols in scientific reading on agricultural sub- 
jects. 


A figure is used after a symbol, when more than one part 
or atom, by atomic weight, enters into the makeup of the 
molecule or unit of matter. Water is represented as H.O, indi- 
cating a compound in which the molecules are two parts 
hydrogen and one part oxygen. 

Most of the elements are very rare and most of them are 
naturally present in combination with others. Oxygen, hydro- 
gen and nitrogen and some of the rarer elements exist in the 
atmosphere in a free state and also in combinations in the 
earth, in plants and animals. 

. Approximately, 99 per cent of the earth’s surface, land and 
water, is made up of ten elements—oxygen, silicon, aluminum, 
iron, calcium, sodium, magnesium, potassium, hydrogen and 
carbon. 

The atmosphere is a mixture, by volume, of about seventy- 


‘nine parts of nitrogen and twenty-one parts oxygen, with 


small quantities of carbon dioxide, ammonia, argon, water 
vapor and other gases in addition. 
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The composition of the human body varies, ba is about as 
follows: 
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Carbone. 5. 2... cee hole eos ole oie benign dn S25 
Hydrogen. 000.0... cc ee os we ene 9.1 
Calcium . 0. cise ce ec ccs cue » nee clei 2 oles er Jb) 
Phosphorus)'.............. 02.95.20. 25 
Sulphur J.ij........0. 5:5 2 AS BLS 
Sodium .cc20..00.... 10 to Sa .O1 


with a trace of chlorin, flourin, potassium, iron and magnesium. 

These elements are obtained through the food eaten, the 
water drunk and the air breathed. About 65 per cent of the 
human body is water. 

About half of the dry matter of plants is carbon. All foods 
contain carbon. Under certain conditions, carbon unites with 
oxygen, forming carbon dioxide, a gas which is present in the 
atmosphere. Leaves of plants take this gas from the air, thus 
tending to purify it. It is in this way that plants obtain their 
carbon, the one element which, it is now supposed, they do 
not take from the soil. Carbon dioxide is given off by ger- 
minating seeds and decaying vegetable matter and it helps to 
dissolve the plant food in the soil. 

Experiments show that an acre crop of clover of 4,500 pounds 
contained 1.680 pounds of carbon derived almost wholly from 
the air, through the foliage. There is one pound of carbonic 
acid in two thousand pounds of air, so that all the carbonic 
acid in 12,320,000 pounds of air must have been consumed in 
producing the crop. 

Prof. King shows that, as one cubic foot of air at a pressure 
of 29.922 inches and at a temperature of 62° F. weighs .080728 — 
pounds, not less than 152,600,000 cubic feet of air must have 
been used. This amount of air would cover the acre to a 
depth of 3.503 feet, having a normal density. F 
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Chapter XI 


THE CHEMISTRY OF 
Behe SOL 


Soil contains all of the elements given in the table below, of 
which the first ten are the most essential to plant growth. 


Chemical Elements of the Soil 


Carbon Magnesium 
Hydrogen Iron 
Oxygen Silicon 
Nitrogen Chlorine 
Sulphur Fluorine 
Phosphorus Boron 
Potassium Aluminum 
Calcium Sodium 


Few soils are deficient in any of the essential elements except | 
nitrogen, phosphorus and potassium. 

The problem of the cultivator is to continue to produce crops 
and maintain a sufficient supply of these elements, together with | 
humus. 


Wasteful Methods.—Some American farmers have been 
extremely careless and wasteful in the management of the soil, 
as illustrated by our worn out and abandoned farms in various 
states, and this in a comparatively new country. 
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Careful handling will, however, bring these depleted soils 
back to productiveness. In China and Japan the land has 
been under constant cultivation for thousands of years and is 
as productive now as ever, through careful handling. 


Nitrogen Most Costly Soil Requirement.—Of the elements 
composing the nutrients used by plants, nitrogen is the most 
costly. 

_ Plants absorb large quantities of nitrogen; drainage water 
takes considerable and some escapes in the form of gas. 


In very rich soils there may be present nitrogen equivalent 
to 7,000 to 12,000 pounds per acre to a depth of one foot. At 
20 cents a pound, this latter amount would be worth $2,400 per 
acre. 

Soil with 10,000 pounds of nitrogen per acre may contain as 
little as 200 pounds of available nitrogen soluble in the soil 
water, of which only a part is utilized by the roots of the grow- 
ing crops. Thus a soil may contain a large amount of nitrogen 
and be decidedly deficient in available nitrogen. 


Organic Nitrogen may be present in exceedingly inert forms, 
as it is in some commercial fertilizers, similar to that in leather 
and as in many peaty soils, where there are large amounts of 
inactive organic compounds rich in nitrogen. Nitrogen of urea 
readily undergoes nitrification, while forms like that in peat 
nitrify with difficulty. 

It is estimated that growing crops remove from the soil from — 
twenty-five to one hundred pounds of nitrogen per acre annually. ~ 


Nitrates and Nitrification.—Nitrate is a compound composed 
of a base element such as sodium, potassium or calcium, com- 
bined with nitrogen or oxygen. 
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Crust on the soil prevents nitrification which is an additional 
reason for frequent cultivation. Moisture in the soil is also 
necessary, and as previously explained, cultivation tends to 
keep the soil moist. 

The most favorable temperature for nitrification in the soil 
is between 54 degrees Fahrenheit and 99 degrees, but nitrifica- 
tion takes place in as low a temperature as 37 degrees. 

_ Clay and loam soils tend to compact to such an extent as to 
exclude the necessary amount of air for nitrification, unless the 
soil is kept well tilled. 

Nitrification on sod land proceeds slowly, but sod conserves 
nitrates, which are formed as fast as used and are not carried 
away by drainage water. 


Land left bare rapidly loses nitrates through the drainage 
water, which is the reason why catch or cover crops are advis- 
able during autumn and winter, to preserve nitrogen. 


The amount of nitrogen present as nitrate in soils varies 
greatly. Rich garden soils may contain 60 or more parts per 
1,000,000; cultivated soils 2 to 20 parts and pasture soils still 
less. The fluctuation is greater thanin any other constituent of 
the soil. Rain and plants remove it and bacterial action forms 
it. The agencies producing nitrates are active from spring until 
autumn. The removal agencies are active in summer and 
winter. 


Annual Loss of Nitrogen.—It has been estimated that the 
annual loss of nitrogen from all land under cultivation in the 
United States (which is not replaced by manure, by nitrogen 
supplied by plowing under of leguminous crops, by atmospheric 
precipitation by rain and snow and by the use of commercial 
fertilizer), amounts to between three and four million tons. To 
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replace all this would require from fifteen to twenty million tons 
of sulphate of ammonia or from one hundred and fifty to two 
hundred million tons of ordinary commercial mixed fertilizer. 
Organic matter added to the soil by manure or turning under 
green crops, remains near the surface unless carried down 
mechanically by some agency such as earthworms. At the 
Rothamsted Experiment Station in England, after fifty years of 
heavy applications of manure, the subsoil shows no increase in 
’ nitrogen. Another plot of land there, kept free from vegetation 
from 1870 until 1917, lost in the 47 years 2,376 lbs. of nitrogen 
in the top nine inches of the soil. The amount at the beginning 
was 3,500 lbs. and at the conclusion of the experiment 1,124 lbs. 


Ammonia Compounds.—There are in the soil, organisms 
which have the power of producing ammonia from animal and 
vegetable bodies. The ammonia compounds produced are acted 
upon by nitrifying organisms and undergo nitrification. 

Some plants such as peas, potatoes, corn and barley, are able 
to utilize ammonium salts (sulphate of ammonia) as a source of 
nitrogen, while others such as beets, take their nitrogen in the 
form of nitrates as nitrate cf soda or nitrate of lime. 
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Chapter XII 


ACID SOIL AND ITS 
TREATMENT 


Micro-organisms present two phases to be considered, the 
action of the organism itself and the chemical action of the 
product of the organism. 

The action of the organism causes a change in the organic 
matter of the soil, producing nitric acid. The nitric acid in the 
action upon the soil, produces nitrates. 


An acid condition of the soil is injurious to the bacteria, it 
must be corrected by applications of lime to the soil, to prevent 
the valuable bacteria from disappearing. This is the reason 
why applications of lime are beneficial to alfalfa fields. 


Bacteria will not be active when the soil contains injurious 
materials such as an excess of common salt or caustic lime or too 
large a quantity of borax, copper, zinc, etc. 


Acids are injurious to most cultivated crops, some plants 
being more sensitive to acids than others. Nitrification may, 
however, take place in some acid soils. 


Aluminum present in acid soils acts as a base and neutralizes 
the nitrous acid produced, forming aluminum nitrite and finally 
aluminum nitrate. This is poisonous to plant growth. 
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Acid soils are common in the humid regions, but are rare in 
arid sections. Some plants thrive in an acid soil, but most of 
the commonly cultivated farm and garden crops thrive only in 
an alkaline soil. 


Acid condition of the soil is not likely where the land has good 
drainage, good tillage to insure proper aeration, and a balanced 
' fertilizer ration. 


Sandy soils, if acid, may require 500 Ibs. of lime to the acre. 
On soil very rich in organic matter as much as 4,000 lbs. of lime 
may be needed. Usually a ton to the acre is a good dressing 
(30 to 40 bushels), and this not oftener than once in five years. 
Too frequent use of lime may be injurious. 


How to Spread Lime.—Spread evenly over the whole surface 
and cultivate lightly after spreading to incorporate with the 
soil. If ground limestone is used, use double the quantity and 
see that it is fine enough to pass through a sieve having fifty 
meshes to the inch. 


Ground or pulverized limestone and powdered lime, such as 
hydrated lime, can be distributed by means of lime spreaders 
made for the purpose. 


Lime ténds to bind the particles together and thus increases 
the water holding power of sandy soil. 


See Other Chapters of this Guide for further information 
on this subject. Refer to Index. 


Humus in the soil tends to overcome acidity and functions 
as an alkali. 
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Removal of lime and other elements by drainage and by the 
growing crops and the accumulation of acids from fertilizers are 
sources of acidity. 

Muck or soils high in organic content and saturated with 
water are usually acid. Where drained and cultivated, the 
acidity is often corrected. 


Decomposition of organic matter, which is almost continuous, 
except when the temperature is very low, results in the forma- 
tion of dioxide and nitric acid. An insufficient supply of oxygen 
in the soil increases the acidity from decomposition. 

The continuous use of ammonium sulphate and the use of 
sulphur, which is common for the prevention of potato scab, 
may result in acidity. 


The presence of sheep sorrel (Rumex acetosella), is usually 
accepted as an indication of acidity. Other weeds which flourish 
in acid soil are: 

Plantain, Plantago major. 

Daisy, Bellis perennis. 

Horsetail rush, Equisetum arvense. 

Wood horsetail, Equisetum sylvaticum. 

Goose grass, Polygonum aviculare. 

Paintbrush, Hieracium aurantiacum. 


Any of these plants growing in a field may serve to indicate 
acid soil, but not always does their presence prove that the soil 
is sour. 


Organisms causing plant diseases are affected by soil acidity. 
Pythium, which causes “damping off”’ in seedlings and cuttings, 
is somewhat intolerant. No benefit and sometimes harm may 
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‘be done by adding lime to affected soils in starting seeds of 

_cuttings.. The potato scab organism is also intolerant, which 

is the reason lime is not used on potato land. 

_., As the roots of living plants are continually giving off car- 
bonic acid, this might be expected to cause the soil to become 

acid, but on the contrary it becomes alkaline. 
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Chapter XITI 


TESTING SOIL FOR 
ACIDITY 


There are various ways of testing the soil for acidity. A reli- 
able plan is to send a sample to the State Experiment Station 
where it can be analyzed, free of charge, and the proper applica- 
tion of lime and fertilizer suggested. This of course with the 
understanding that the land is properly drained. 

State Agricultural Colleges and Experiment Stations.— 
Packages and letters addressed to Agricultural Experiment Sta- 
tion at any of the places listed below will receive proper atten- 
tion. Communicate with the station in the state from which 
your communication is sent. 

Auburn, Alabama. 

Tucson, Arizona. 

Sitka, Kodiak, Rampart, Fairbanks, Matanuska, Alaska. 

Fayetteville, Arkansas. 

Berkeley, California. 

Fort Collins, Colorado. 

Storrs, via Willimantic, Connecticut. 

New Haven, Connecticut. 

Newark, Delaware. 

Gainesville, Florida. 

Athens, Georgia. 

Guam, Island of Guam. 

Honolulu, Hawaii. 

Moscow, Idaho. 

Urbana, Illinois. 
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Lafayette, Indiana. 

Ames, Iowa. 

Manhattan, Kansas. 

Lexington, Kentucky. 

University Station, Baton Rouge, Loca 

North Louisiana Station, Calhoun, Louisiana. 

Orono, Maine. 

College Park, Maryland. 

Amherst, Massachusetts. 

East Lansing, Michigan. 

University Farm, St. Paul, Minnesota. 

Agricultural College, Mississippi. 

Columbia, Missouri. 

Bozeman, Montana. 

Lincoln, Nebraska. 

Reno, Nevada. 

Durham, New Hampshire. 

New Brunswick, New Jersey. 

State College (Freight and Express address Mesilla Park), 
New Mexico. 

Ithaca, New York 

West Raleigh, North Carolina. 

Agricultural College (Freight and Express address) Fargo, 
North Dakota. 

Columbus, Ohio. 

Stillwater, Oklahoma. 

Corvallis, Oregon. 

State College, Pennsylvania. 

Mayaguez, Porto Rico. 

Kingston, Rhode Island. 

Clemson College, South Carolina. 

Brookings, South Dakota. 

Knoxville, Tennessee. 
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College Station, Texas. 
Logan, Utah. 

Burlington, Vermont. 
Blackburg, Virginia. 

St. Croix, Virgin Islands. 
Pullman, Washington. 
Morgantown, West Virginia. 
Madison, Wisconsin. 
Laramie, Wyoming. 


(Address package -to “Agricultural Experiment Station,” 
then give town and state as listed above.) 


In taking samples of soil for analysis, the New Jersey Experi- 
ment Station suggests the following method: 

Take a large piece of heavy paper, oil cloth or canvas. Take 
samples at six different locations over the plot to be sampled. 
Carefully remove from the surface of each spot from which the 
sample is to be taken, any surface debris. Cut with a spade to 
about the depth of cultivation, say five or six inches, a good 
spade full and lay it on the paper, oil cloth or canvas. Repeat 
the operation at five other locations. Mix all the six samples 
thoroughly and from the mixture take a pound or a little more 
and forward to the State Experiment Station, being careful to 
write plainly, the full name and address of the sender on the 
outside of the package. 

If a part of the field or plot is known to be different from the 
other part, a separate sample should be sent from that part, in 
the manner described. 

With the package, write a letter and mail it separately or 
stamped and attached to the package, but not inclosed in the 
package, stating:—the name and address of the sender; whether 
owner or tenant; the exact location of the farm area represented 
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by each sample; crops grown on the land within the past five 
years; approximate yield per acre of each crop; when lime was 
last applied and in what amount; amount of manure and fer- 
tilizer used within the past five years; elevation and drainage 
conditions; and character of the crops to be grown in the future. 


Litmus Paper Test.—Blue litmus paper can be obtained at 
any drug store for a few cents. Make sure from the druggist 
that it is good. Wash the hands well with soap and water, 
before handling and handle as little as possible. With a clean 
knife blade cut a slit in the damp soil and insert a piece of litmus 
paper in the slit. After about twenty minutes, remove the 
paper. A decided change to red indicates acid. (Perspiration 
on the hands may lead to a red change in the paper.) 

A more reliable way to make the litmus paper test is to boil 
the soil in distilled water then test the solution so obtained by 
inserting the litmus paper. 
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Chapter XIV 


EFFECT OF 
CHARACTER OF SOIL 


ON PLANTS 


The varying character of soil of the same type in different 
localities has a marked effect on the plants, although there may 
be no perceptible difference in the appearance of the plants. 

It has been noticed in England, for example, that certain 
pastures fatten sheep well in summer. All about these pastures 
are others with exactly the same type of plants, but the plants 
grow more slowly, producing more stem and less leaf and are 
less nutritious and incapable of fattening sheep. The soils 
seem to be identical. In other pastures the vegetables cause 
diarrhoea, while similar vegetation on adjoining pasture does 
not. 

It is possible that a considerable difference may be found in 
vegetables and fruits from different farms in the same locality. 

Specialists have recently discovered the importance of vita- 
mins and the foods which contain them and later may establish 
a method of determining the exact food value of fruits and 
vegetables from different types of soils and different soils of the 
same type. 
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Many crops will not thrive on acid soils, these include:— 


Alfalfa Sorghum 
Red Clover Celery 
Timothy Currant 
Kentucky Blue Grass Cabbage 
Corn Caulifower 
Oats Cucumber 
Parsnip Lettuce 
Pepper Onion 
Pumpkin Okra 
Salsify Tobacco 
Squash Kohlrabi 
Spinach Peanut 
Beets Egg Plant 
Barley —and most flowering 


and ornamental plants 


Some plants require acid soil or do not object to it. It is 
beneficial to all the Ericaceae family, which includes: 


Huckleberry Arbutus 
Blueberry Andromeda 
Cranberry Sorrel Tree 
Heath Kalmia 
Wintergreen Rhododendron 


Azalea Acacia 
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Other plants that do not object to slight acidity include: 


Strawberry Raspberry 
Blackberry Blackcap 
Turnip Soybean 
Watermelon Cowpea 

Rhode Island Bent Grass Hairy Vetch 
Red Top Crimson Clover 
Potato Rye 

Sweet Potato Buckwheat 
Carrot Millet 

Radish Lupine 

Velvet Bean Castor Oil Bean 
Ferns 


A proper selection of the plants in the table last given, above, 
‘may make it possible to cultivate acid soils profitably, where 
the expense of correcting the acidity would be greater than the 
owner could afford. 


The ericaceae are particularly suitable for soils too acid for 
other crops. This family includes the cranberry, huckleberry, 
blueberry, and others in the table given above. 


Some of the composite plants do not seem to object to 
slightly acid soil. The compositae is the largest natural order 
of plants, containing more than 10,000 species, estimated at 
- about one-tenth of all the flowering plants. The Dandelion is 
of this family. See a botany guide for a complete list of these 
plants. 


Action of Lime.—Lime neutralizes acidity of the soil, or as 
generally stated, “lime sweetens the soil.’”” Lime checks some 
plant diseases, but may promote others as it does in increasing 
scab in potatoes. 
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Lime is limestone or oyster shells, and it is used in several 
different forms. Quick lime is unslaked lime, also called lump 
lime. Ground lime is lump lime, ground. Water slaked lime is 
lime slaked by wetting. Hydrated lime is lump lime, ground 
fine, screened through fine sieves and hydrated commercially. 
Adding the water or hydrating, adds 32 per cent to the weight. 
Thus 100 lbs. of lump lime when hydrated will weigh 132 Ibs. 
When hydrated, the lime is packed in paper bags. Air slaked 
lime is lump lime which has been exposed to the air. Ground 
limestone is limestone ground to a fine powder. Oyster shells 
when pulverized have the same value as pulverized limestone. 


Soils respond much more readily to lime than to ground 
limestone. The use of lime results in the loss of nitrogen, 
through causing the rapid decay of organic matter and there- 
fore should never be used on freshly manured land. 


Lime is more effective in granulating clay soils than is ground 
limestone. 


Marl and gypsum are forms of lime, but are not promptly 
effective in correcting acid soils. 


Abundance of rainfall causes excessive leaching of plant 
food materials from the soil. Calcium is the plant food most 
easily leached. Semi-arid soils, as a rule, when well supplied 
with limestone are rarely acid. This leaching is hastened by the 
solvent action of carbonic acid gas, formed in the soil by the © 
decomposition of organic matter, which converts the calcium 
compounds into soluble calcium bicarbonate. 


Soluble iron or aluminum compounds are detrimental to plant 
growth and occur in harmful form in the absence of calcium. 
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The amount of calcium and magnesium removed in the crop 
from one acre, is given below, expressed in pounds per acre: 


Equivalent 
to Pure 
Calcium Magnesi- Limestone 

in Lbs. um in Lbs. in Lbs. 


114 15 345. 

117 31 416. 
1 2 11.5 
15 ff 65. 5 
1 4 18.5 
9.5 4 39.8 


A four ton crop of any of the common legumes removes from 
120 to 140 pounds of calcium. Analysis has shown that alfalfa, 
grown on well limed land, contains fifty pounds of calcium per 
ton. 


Calcium and magnesium are supplied to the soil by the use 
of lime. 
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CULTIVATING CORN TO CONSERVE MOISTURE 


Drainage and irrigation are both problems that confront every grower. 
Cultivation plays an important part in conserving soil moisture. 
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Chapter XV 


DRAINAGE 


Drainage is the basis of permanent soil improvement. 

The successful culture of the soil necessitates an ample supply 
of water for the crops, but not too much. Drainage must take 
care of all surplus. Where water remains after rains, or from 
snow and rains late in the spring, drainage must be supplied. 


A FARM IN NEED OF DRAINAGE 
Courtesy N. Y. State Col. Agriculture 

Many fields drain naturally and the owner need give no 
thought to it. But, where there is excess moisture, this pre- 
vents aeration, keeps down temperature and is unfavorable to 
plant growth. 
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Soil warmth is greatly increased by proper drainage and its 
importance can be illustrated by a simple experiment. Put a 
teaspoonful of sugar in a half glass of cold water, observing the 
time taken to dissolve it. Then try the same experiment with 
warm water and notice how much quicker the sugar dissolves. 
In the same manner, in a warm soil, stronger solutions of plant 
food are formed more rapidly than in cold soils, thus drainage 
increases crop production partially through making the soil 


warmer. 
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Roots flooded and starved in turn, stunting the growth 


Where superfluous water remains on or in the soil, it must be 
drained away before satisfactory crops can be produced. 


An indication of needed drainage is shown where the soil 
tends to puddle and bake when dry. Heaving is another indica- 
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tion. Winter kills grass in meadows where the drainage is poor. 
A field of weeds able to survive this condition results. 


EFFECT OF i 
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SLIGHT VARIATION IN WATER TABLE 
Good drainage keeps water table at an even level 


Poor growth of crops shows the low spots in fields where 
drainage is needed. 

Some hillsides of porous soil may need drainage if the subsoil 
is sufficiently compact to hold the gravitation water. Any wet 
land, wherever it may be, needs drainage to make it fully pro- 
ductive. Even swamp and marsh land can be made tillable by 
proper drainage. 


It does not pay to invest the necessary labor to prepare land, 
pay for seed and fertilizer, and spend time cultivating land that 
is not properly drained naturally or artificially. 
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In considering drainage, not only the surface water must be 
reckoned with, but also the water of the subsoil to the depth to 
which the roots penetrate. 

Few farmers or gardeners realize the depth to which plant 
roots will reach in favorable soil. Roots of clover, timothy, 
barley, oats, winter wheat and corn spread their roots through 
the upper three feet or more of soil. 

Heavy clay soils especially need drainage to take the surplus 
moisture, to warm the soil, prolong the growing plants and to 
- make the soil more friable and increase aeration. This enables 
the plant roots to have greater penetration and greater root 
expansion which supplies the plant with just that much more 
food and increases the yield correspondingly. 


Good drainage improves the physical condition of the soil, 
causing the retention of a larger amount of film water, which in 
dry seasons is needed by the growing crops. 

Another advantage of retaining film water is that in the drier, 
warmer, better aerated soil, beneficial bacteria thrive and 
organic matter decays more rapidly, becoming available for 
plant food, releasing the mineral elements so they also may 
benefit the plants. 


Heaving of plants through freezing and thawing is an indica- 
tion of moisture in the soil. Unlike metal, water expands in 
freezing, and in moist soils the surface rises when frozen, 
lifting the plants and tearing the crowns from the roots which 
are held fast in the deeper soil. 


The trouble can be corrected by drainage and drainage may 
be said to be the foundation of permanent soil improvement. 
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Chapter XVI 


OPEN DITCH DRAINS 


Where the volume of water to be carried away is very large, 
open ditches may be used. This is the system by which large 


OPEN DITCH IN WISCONSIN CRANBERRY FIELD 
The soil from the ditch was used to build the dike 


tracts are drained as in the states of Indiana and Florida, or 
where the land is flat, and to be effective sufficient depth must 
oe maintained. Where land is valuable, that wasted by the 
litches should be considered, also the work of keeping the weeds 
along the banks, under control. 

Under drains cost less to maintain and are more permanent 
than open ditches. Drains laid near Geneva, in New York 
State in 1835, are still in successful operation. k 
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Surface operations are not disturbed by underdrains and 
they keep the soil in condition to a greater depth than open 
ditches. 


Shallow ditches consisting of a deep furrow made with a 
plow, sometimes answer for removing small accumulations of 
water. Dead furrows are sometimes left, dividing the field into 
somewhat narrow beds to carry off some of the surplus water. 


Where large open ditches are used, the size must be in pro- 
portion to the area to be drained, with the sides inclined 
sufficiently to prevent caving of the banks. 


Keeping the ditch as straight as possible, to prevent washing 
or erosion of the banks, which is likely where there are curves, 
is essential. Where curves must be made, make them as gradual 
as possible. Steep grades should be avoided as they lead to 
washing out the soil. 


Three feet per second is the maximum velocity of the flow 
considered safe, and less than this in sandy soil. A fall of eight 
to twelve inches in the mile gives this velocity in ditches of deep 
water, while in small ditches carrying water a foot deep, the 
grade may be as great as sixty feet to the mile. 


A strip of grass not less than five feet wide should be main- 
tained on each side of ditches of good size, to prevent washing 
from the water flowing into them, at times when the flow over 
the banks into the ditch may be considerable. 


Even where land is underdrained it is often a good plan to 
have some surface drains (shallow ditches with low, sloping 
sides), so as to be grassed over. Each field presents its own 
problems, which must be carefully considered and handled 
according to requirements. 
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Chapter XVIL 


TILE DRAINS 


As tile drains are the most generally used, being the most 
permanent and satisfactory type of drain, it is well to give care- 
ful and detailed attention to this subject. 


Tile drains are made of burned clay or concrete, in short 
round sections. These should be placed in the ground low 
enough to lower the water table to the desired depth. The line 
should be carefully graded and kept straight. If curves must 
be made, make them as long as possible, carefully avoiding 
short turns which are apt to be troublesome. Protect the joints 
on outer turns, where that side may be too open. 


IMPROVING SOIL BY TILE DRAINAGE 


&« SURFACE 
<« ROOTS OF GRAIN 


SUBSOIL 


ex TILE DRAIN 
THE TILE MUST BE PLACED BELOW THE FROST LINE 


Tile is made of soft, absorbent material and unless down 
safely below the frost line, will be broken when saturated with 
water and frozen. 


Water enters the tile at the joints and through the pores, by 
absorption. Near trees, where tree roots are likely to work into 
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the tile and obstruct it, the joints should be covered with 
cement. Poplar, larch, willow, water elms and even maples are 
dangerous near drains of constantly flowing water. As far as 
possible, these should be removed along the lines of drains, if 
the trees are sufficiently near for the roots to enter and clog the 
drain. A poplar tree sent its roots fifty feet under a hard paved 
street in Newark, N. J., and completely clogged a six-inch sewer 


pipe. 


The foundation for the tile should be firm and if the bottom 
of the trench is soft, cinders, gravel or boards should be used to 
preserve proper alignment of the tile. Conditions must be 
studied for each drainage system, also the movement of the 
water, planning the drainage system so it will be most effective. 
The main lines should be located to intersect any troublesome 
springs or particularly wet or low spots and so the main drains 
will run lengthwise of the field, with branch lines run out 
diagonally. On sloping land the drains should extend up and 
down, not crosswise. 


Tile drains should be set on a grade of one to two feet ina 
hundred, when that is possible, and not less than six inches to 
the hundred feet, and from three to three and a half feet deep, 
or deeper, for deep-rooted crops. On heavy clay, only two feet 
deep may give proper drainage. 


Where drains are set three feet deep, the space between 
drains should be about sixty feet. The shallower the drains, the 
closer they should be together. 


Where tile drains are laid forty feet apart 1,089 will be re- 
quired per acre; fifty feet apart, 870; eighty feet, 545; one 
. hundred feet, 435. 
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Do not be disappointed if the soil conditions do not improve 
as much as expected immediately after draining. It sometimes 
takes two or three years for the soil to get into its best condition. 


Good underdraining, particularly operations conducted on a 
large scale, requires thorough knowledge and experience. One 
accustomed to the work can quite accurately determine the 
place for mains and lateral drain lines, after making a survey. 


Where large areas are to be drained and particularly on 
nearly level land, it is best and cheapest to employ an engineer 
to do the leveling, determine grades, set the stakes and do the 
work with a crew of trained men. Each man in the crew makes 
a specialty of his particular work; one finishes the bottom, 
others lay the tile and soon. When completed the job is right 
and later trouble is avoided. 


In employing a contractor to do the work including the sur- 
veying, trenching and laying the tile, at so much per hundred 
feet, the contract should be in writing stipulating whether the 
owner or contractor furnishes the tile and kind of tile; that the 
contractor furnish all his own tools and do the work accurately 
according to survey and subject to inspection by the owner or 
his representatives. 


Defects in drainage work sometimes do not show until long 
after the work is completed and to correct them may be expen- 
sive. The land owner should endeavor to know enough about 
the work to see that the engineer employed carries out the 
operations properly. 


Where small areas are to be drained and the fall is ample, 
the owner may do the work himself or with the help of his men. 
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In such cases, a preliminary survey can be made with a tape 
line, before the work is begun. 


A careful 


EES AS eee eS 


TOOLS USED IN DRAINAGE WORK 


. Pick Axe 


Axe for cutting tree roots 
Tile Hoe, or Scoop for grading bottom of ditch 


. Long handled, pointed shovel 


Ditching Spade 
Ditching Spade 
Ditching Spade 
Tile Hook 


estimate is then required of the size of tile and 


number required; the necessary angles for connecting lines be- 
fore the order is placed. When the tile is received it should be 
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placed in the fields, before the leveling for the work is done. 
This prevents trouble from the grade stakes being broken in the 
delivery of the tile after the survey has been made. 


Construction of Tile Drain.—With the grade established, the 
tile on the ground, the ditch is ready for digging. Each step 
must be carefully taken as the work, when properly done, will 
last for generations. 


Tools.—Ditching spades are made especially for tile ditching 
and, in addition, a round pointed, long handled shovel, a tile 
scoop and tile hook will be needed, also possibly pickaxe, axe 
for cutting roots, a mattock and crowbar for prying out large 
stones. A sledge hammer may be required for breaking up 
large stones so they can be handled more easily. Digging and 
finishing the ditch is sometimes done with an ordinary shovel. 
Lines for lining and grading the trench will also be needed. 


The tile scoop is used to finish the bottom of the trench and 
shape it to receive the tile. It may be had in different sizes, to 
fit the size of tile to be laid. 


The tile hook is used where the tile is laid from the surface. 
With it the tile are put in place without getting into the trench. 
This system permits:making narrow trenches, saving work in 
digging. 


In stony land or where there are many roots, hand labor only 
can be used and dynamite may possibly be used to advantage. 
On suitable land where the operation is large enough, a ditch- 
ing plow may be used advantageously. On very large opera- 
tions ditching machines are employed that cut trenches very 
rapidly. 
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A good drainage level which at the present time costs about 
$25.00 is required in tile drain work. Also a graduated target 
rod which costs from $8.00 to $15.00. 


Trenches should be as small as possible, to save labor, and 
still permit conveniently laying the tile. Where small tiles are 
used, the trenches are usually made about a foot wide, with 
vertical sides. 

_ In large operations the heaviest work is done with plows and 
horses or machines operated by an engine. 


<3 


S 


Main 


IF TILE DRAIN LINES ARE AT RIGHT ANGLES TO THE MAIN 
They should be curved before meeting the main 


In laying out tile drains, where lines join, never have the 
joints at right angles, but on a slant or acute angle. See illus- 
tration. 
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If the lines must be at right angles, turn with a curve before 
joining. See illustration. This prevents the collection of sedi- 
ment which might fill the drain tiles. Junction pieces may be 
had for this purpose. 


Give a little drop or slant to the side drains where they enter 
the main line. 


Surveying.—Surveyors use what is known as a Y level. This 
instrument is expensive and cannot be used correctly by every- 
one. Several cheap levels are made, called drainage levels. 
They are not.as accurately made as Y levels, but they answer 
for use where there is a fair fall. 


Leveling rods are from eight to ten feet long and graduated 
to one one-hundredth of a foot. That is, the foot is divided into 
one hundred equal parts. It is an easy way of figuring. One 
one-hundredth of a foot is about one-eighth of an inch. Ex- 
actly 8x12=96, so if one one-hundredth of a foot is consid- 
ered as being equal to one-eighth inch, the measurements will 
be four one-hundredths of a foot out of the way to each foot. 
This in a foot is not much, but carried over long distances 
would be considerable. 


If much leveling is to be done the best plan is to purchase a 
cheap leveling rod. The leveling rod is equipped with a target, 
a circular plate divided into quarters, which are painted al- 
ternately red and white. The target slides up and down on the 
rod and is held in position by a clamping screw. The center of 
the target is open to expose a portion of the center of the rod. 


Home Made Level.—A carpenter’s or mason’s straight edge 
and level will serve very well, if only a moderate amount of 
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drain is to be laid. A leveling rod will also be required, marked 
in feet, inches and feet divided into eighths or hundredths of 
a foot. 


In the diagram shown on opposite page, the ditch is 50 feet 
long. A sight level is established with a straight edge on which 
a carpenter’s level is used to assure the straight edge, which is 
turned up, being exactly level, so sighting over it will be correct. 

In this diagram the level is ten feet above zero, the point 
where the outlet is to be located. The surface of the land is six- 
teen inches lower at ‘‘a’”’ than at ‘‘b” and the land elevation has 
a fall of eight inches less than the ditch to be dug. 


The simple way is to disregard the grade of the land and to 
set the stakes by which the ditch is to be dug, so the top of each 
stake is a given distance above the bottom of the trench to be 
dug. In this diagram it is five feet. The distance between each 
stake is ten feet, therefore each stake is four and four-fifths 
inches higher than the one below it. 


The amateur can easily find the grade by the use of a true 
straight edge and level, by dividing the distances by the 
amount of grade and leveling from stake to stake, driving them 
as shown in the diagram, so the top of each stake will be the 
same distance from the bottom of the trench to be dug. In the 
case described, the top of stake zero, is five inches lower than 
the sight line and stake one is four and four-fifths nearer, or 
seven and one-fifth inches from it. 


The lines having been properly leveled and staked out, to 
insure laying the tile at the proper level, the ditches are dug, the 
bottom carefully finished with a grading scoop, on a firm bed of 
earth. The grade should be kept as uniform as possible. 
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The end of the main line or that of the laterals need not be 
run to the farther end of the area to be drained. The water in 


\\ 


Tiles need not 
extend to end 
of field to be 
drained 


Nia 


CLOSE ENDS OF MAINS AND LATERALS TO PREVENT 
CLOGGING 


the soil will move toward the end of the line, over a consider- 
able area. The end of the main and those of the laterals should 
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be covered with a flat stone or otherwise almost completely 
closed to prevent the soil from entering and clogging up the line. 


Where surface water is admitted to tile drains, screens of 
some kind should be used to prevent any material entering and 
stopping the drains. 


Drain at Different Levels.—On areas where the contour is 
broken, it may be necessary to divide the drain into sections, 
each section on a separate level, the fall of each section to be 
determined separately. Where breaks of this kind occur in the 
grade, silt basins will be required, where the levels or lines of 
different grades join. 


Placing the Tiles.—In shallow trenches, small tiles are 
placed by hand; or, by means of a hook if the trenches are deep. 
Place the ends otf the tile closely together and fit them to make 
a close joint. The laying of the tile should begin at the outlet 
and proceed toward the upper end. 

The ends of the tile are not always square. Where a tile does 
not fit squarely and snugly, turning the tile will generally fit it 
sufficiently tight to prevent the soil from entering. If this can- 
not be done, another tile should be used. The discarded tile 
will likely join properly with some other, later on. If the joints 
are open, sand will work through and clog the drain in time. 


Blinding.—Blinding might more accurately be called binding. 
As the tile is laid, carefully shovel in sufficient loose earth to 
cover the tile and hold it in position until the trench is filled. If 
the filling is long delayed, the trench is likely to cave in. 


Outlets.—Have as few outlets as may be necessary with tile 
drains and these should be firmly set in stones laid in cement. 


86 Audels Growers Guide No. 1 


In cold climates the outlet of the main drain should be laid in 
masonry. The action of frost will crumble unglazed clay tile. 
Glazed sewer tile should be used for the last ten feet of the drain 
or masonry to insure permanency. 
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DRAIN OUTLET. 


THE BARS PREVENT SMALL ANIMALS FROM ENTERING 


The end of drain outlets should be covered in some manner, 
with heavy open mesh screen or metal bars to prevent animals 
from entering. 


Where there is no other outlet for tile or open drains to empty 
into, deep wells are made and filled with large stones to form 
the drain outlet. A well or reservoir can be made in such cases, 
the collected water being used for irrigating. 
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Tile Size.—The proper size of tile to use depends upon the 
quantity of water and rate at which it must be moved, the char- 
acter of the soil, the grade and length of the drains, their 
depth in the ground and whether the main course is straight or 
curved. 


The size most generally used is four inches in diameter. 
Smaller tiles are likely to become clogged. 


The main line must increase in size, in proportion to the 
volume of water introduced by the different laterals. 


If naturally wet places or springs are to be drained, they must 
be considered in calculating the size of drains, including the 
natural rainfall. 


A long drain has less carrying capacity than a short drain 
of the same size, laid upon the same grade. 


Three inch tiles, in lines not more than 500 feet in length, are 
usually used for laterals. Four inch tile is used up to 1,500 
feet, with a grade of 4 inches per 100 feet. 


Doubling the grade per 100 feet increases the capacity about 
one-third. Lowering the are decreases the capacity one- 
quarter. 


Drain tiles range in size from 2 inches upward. The 
capacity of different sizes to carry water, with constant rate of 
flow, varies according to the square ‘of the diameter. To find 
the square of’ the diameter, multiply the diameter by itself. 


A 4-inch, tile,is:4 x4 =16 as the square of the diameter. A 
2-inch tile, 2X2=4. A 4-inch pipe will carry four times as 
much water as a 2-inch pipe, each having the same grade or fall. 
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Do not use tile with collars for drainage. 


The conditions that determine the size of drains are: Depth 
of water to be removed in twenty-four hours over the area of 


Boyde Ne 
ILLUSTRATING USE OF TILE HOOK 
in placing drain tile sections 
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the drainage system, and the rapidity with which the water is 
brought to the main—that is, the number of laterals and 
amount of water received through them. 


Testing Drain Tile.—Good drain tile should be sufficiently 
hard to give a clear, sharp ring when struck with a piece of 
metal, after it has been exposed to the atmosphere for some 
time. The water will enter the drain at the joints, so the tile 
need not be porous, although porosity is an advantage. 


Home Made Cement Tile.—Molding machines are made 
that are not very costly, for making cement tiles. Home made 
cement tiles must be made with care and kept wet while curing. 
The mixture should be one part Portland cement to three parts 
sand. The tile should be cured for three weeks or more before 
using. Be careful to use only sharp, clean sand, to mix thor- 
oughly, to pack carefully and tamp thoroughly. 


Percolation through Tiles.—Experiments made at the Michi- 
gan Agricultural College show that water passes through 
cement tile, although the quantity may not be large. This can 
be tested by allowing water to run on a tile held horizontally 
and watching the inner surface. 


Prof. King states that in a series of experiments to determine 
the rate of percolation through the pores of 2-inch clay tiles, 
under a pressure of 23.5 lbs., the discharge per 100 feet into: 
the tile was at the rate of 8.1 cubic feet during twenty-four 
hours. 


Effect of Drains on Water Table.—Underdrained lands dry 
the lands first near the drains. The successive lowering of the 
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water table is shown in the diagram by the dotted line A A— 
BB;CCand DD. In open soils the water table may quickly 


Effect eas on Position of Water Table 


lower to lines C and D, but in retentive soils the action will be 
slower and the drains will require being placed closer together. 


he number of acres of land drained by outlet tiles, removing 
one-quarter inch of water in twenty-four hours, is as follows: 


Grade in Inches to a Hundred Feet 


Diameter of 
Tile in Inches 


4% Inch | 1 Inch | 2 Inch 

Acres Acres Acres 
5 1S} 19.1 Del 
6 PAKS} 29.9 34.8 
7 39.9 44.1 Sy lial 
8 oe 7 61.4 eZ, 
9 And, 82.2 95.3 
10 96.9 106. 7 123.9 


6 Inch 
Acres 


iS) 


32.0 
50.5 
74.5 
103.3 
38.1 
dea 


1 
i 


9 Inch 
Acres 


37.7 


59. 4 
87.1 
121.4 
162.6 
7A et 


(Calculated by C. G. Elliott in “‘Engineering for Land Drainage.’’) 
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The following table from Prof. Fippin gives in a general way 
the area of different sizes of tile, laid at different grades: 


Number of acres from which one-fourth inch of water will be 
removed in twenty-four hours, by outlet tile drains of different 
diameters and different lengths, with different grades: 


Grade in Inches per 100 Feet 


Length of Drain in Feet 


1,000} 2,000} 1,000) 2,000} 1,000} 2,000) 1,000} 2,000} 1,000) 2,000 


Diameter of 


Tile in 
Inches Acres of Land Drained by the Different Sizes of Tile 
5 Om loa ieee OLA 2a di22e 32.0) o0ssleotedl 36.0 
6 29.9) 24.8) 34.8) 30.5} 39.6) 35.9) 30.5} 47.8] 59.4) 57.3 
7 44.1) 36.4) 31.1) 44.8) 58.0} 52.8! 74.0) 70.1] 87.1] 84.1 
8 61. 4) 50.7} 71.2} 62.6} 80.9) 73. 6/103. 3) 98. 0/121. 4)117.3 
9 82. 2} 68. 1) 95. 3} 83. 8/108. 4) 89. 6/138. 1)131. 3/162. 6]157. 1 
10 106. 7) 88. 5/123. 9/108. 9/140. 6)128. 1]179. 2/170. 5)211. 1/204. 4 
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Limit of size of tile to grade and length 
Minimum Limit of Length 
Size of Tile, Inches Grade per 100 Ft. of Tile in Feet 


Stone Drains.—Where there are plenty of stones their dispo- 
sition is often a source of trouble. 

Stone trenches require a grade of not less than six inches to 
each hundred feet. The bottom should be clay or some other 
hard material. 

Stones are placed in the ditch to form the sides, topped by 
flat stones held in place by stone wedges on top of and at the 
sides of the top or cap stones. Other stones can be used over the 
cap or the trench filled wholly with earth. 

_ Where the cost of labor is to be considered, tile drains can 
most likely be laid cheaper than stone drains. 
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Chapter XVIIL 


SILT BASINS 


Silt Basins are used to prevent the clogging of the tiles by silt 
or sediment carried in the water and they afford a convenient 
means of cleaning out the drain if that is required. 
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Silt basins are placed wherever the line of drain is changed 
from a higher to a lower rate of fall and particularly where the 
flow below the point of change will be slower than in the line 
above, or where a long line unites with another. 
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In case the lines become clogged, they can be cleaned from 
the silt basins. 
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If it is expected that it may be necessary for a man to get in 
the silt basin and work at any time, in cleaning out the drain, 
the basin should be three feet square or if circular, three feet in 
diameter. Otherwise, the basins may be only eighteen inches 
in diameter. 

Silt basins may be of brick, stone or concrete and open on 
top or supplied with a cover. The bottom is best made of 
cement. 


The bottom of silt basins should be a foot or more below the 
outlet tile. The water entering the basin is checked in its flow 
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and the sediment it contains settles to the bottom, and it is then 
removed from time to time. 


surface of ground. 
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In irrigated land in tropical or subtropical climates, planted 
to vines and trees, the roots are likely to fill and stop the 
drains. Silt basins at every four hundred feet should be pro- 
vided, so drains can be examined and cleaned. A wet spot in 
the field indicates drain stoppage. 


Drains may be cleaned from silt wells by passing a root 
cutter through the drains as often as occasion may arise. The 
cutter is made of a cylinder of wood a foot long and of a diam- 
eter to fit the drain, covered with leather through which sharp 
pointed nails have been driven. A stout wire is forced through 
the drain, the brush fastened on one end, the other running over 
a roller at the bottom of the well and another at the top, is 
drawn by a horse. The operation repeated until the drain is 
clear. 
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Sediment basins are practically the same as silt basins, but 
are used where more sediment is expected in the flow. The 
well in this case is made two or three feet below the bottom of 
the drain. The cutlet is through an elbow, turned down, so as 
to prevent the entrance of any large floating material. 
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Catch Basin.—A catch basin is a silt or sediment basin with 
an inlet near the top. The inlet should be at the side, near the 
surface of the ground and be screened by rods placed two 
inches apart to keep out coarse material. The catch basin is 
used in the removal of water from small ponds or where the 
soil is so heavy the water cannot penetrate. Catch basins 
should be placed so the water will not carry large quantities of 
earth into the drain. 
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Chapter XIX 


DRAINING PEAT, 
CLAY AND MARSH 
SOILS 


Draining Peat and Muck Soils.—As a rule these should be 
drained with open ditches. In these soils the capillary attrac- 
tion is low, so care should be exercised not to get the water 
table too low for the growing crops. 


Some irrigated lands require drainage, particularly alkali 
soil, where alkali salts have accumulated in the top soil as a 
result of irrigation without drainage. In such cases the drains 
should be deeply placed, five or six feet below the surface. 
Alkaline soils can be reclaimed by washing and leaching in this 
manner for two or three years. 


Gumbo soils and very stiff clays do not drain well and in 
these cases, in addition to tile or ditch draining, subsoiling may 
be necessary. Cotton planters run a furrow between each row 
of cotton, as soon as the seed is planted, even where the land is 
underdrained. 


Clay Subsoil Layers and Use of Explosives.—Sometimes 
areas will be wet on account of a layer of clay that retains the 
water, while below may be porous earth, such as sand or 
gravel. If the impervious layer can be broken through in 
places, so it will not stop up again, this may be the only drainage 
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needed. This result is sometimes successfully accomplished by 
the use of explosives. Explosives are frequently used in open- 
ing ditches three feet or more in width, and are of greatest value 
in rocky land or land filled with stumps. 


Salt marshes are lowlands along the sea coast that are sub- 
ject to overflow of the tide. Where these are near large cities 
they may be profitably diked to keep out the high tide and 
drained by open ditches. Gates should be provided which may 
be closed at high tide to keep the water out and opened at low 
tide, to empty the drainage ditches. Usually in such locations 
the wind is quite dependable and wind mills can be used to 
pump the water from the ditches over the dike, or an engine 
used for the purpose where this is required. 

Drainage of salt marshes, as of other lands, provides greater 
depth of soil, giving an extended root range and improved soil 
texture, producing a warmer soil, better aeration and promoting 
activity of beneficial soil bacteria. The land is made fertile 
and early, as such soil when freed from salt, is usually rich. 
Waste land may be made productive and profitable by drainage. 

The removal of stagnant water from salt marshes destroys 
mosquitoes, which cause malaria and yellow fever. Drainage 
changes unsanitary wastes into valuable helpful locations. 

Two years will be required to free salt marshes of salt and is 
accomplished by rainfall washing the salt out through the 
drains. Rye or sorghum should be the first crops, as they seem 
to be able to stand salt better than most crops. 


In Illinois and in Indiana, the fields for many square miles are 
almost level, so it is difficult to provide adequate drainage. 
Here the citizens combine, and broad, deep, open ditches are 
made many miles in length, providing outlets over the whole 
territory for underdrains. 
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Crossing two counties in Illinois is a ditch, seventeen miles in 
length, eight to eleven feet deep and thirty to sixty feet wide at 
the top, with five laterals, about nine feet deep and thirty feet 
wide at the top. The yield in grain in this territory has more 
than doubled. Not only in yield per acre has there been an 
improvement, but land formerly too wet to operate has been 
reclaimed to cultivation. 

It is estimated that the farmers of Iowa have spent as much 
for tile drainage as the cost of the Panama Canal. 
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SHRINKAGE CRACKS IN HOLTVILLE CLAY 


Surface was deposited by overflow of Colorado River. Palo Verde, 
Riverside Co., Calif—U.S. D. A. 
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Chapter XX 


NOTES ON WATER 
AND DRAINAGE 
LAWS 


Surface water is water before it enters the soil, running off 
over the surface. When it enters the soil it becomes gravitation 
water. 


Gravitation water is water in the soil that will flow down- 
ward or away through the soil by its own weight. Obstructions 
may cause it to flow in other directions. 


Capillary water is the water remaining clinging to the walls 
of the soil particles after gravitation water has passed away. 


Hygroscopic water is the water found in the soil after it be- © 
comes air dry, that is, as dry as the atmosphere. The move- 
ment of hygroscopic water is called thermal movement, because 
it is caused chiefly by heat from the surface of the soil. 


_ Proper Water Content.—According to Helbriegel the best 
moisture conditions of soils for maximum growth of crops are:— 
fifteen per cent of their own dry weight for sandy soils; thirty 
per cent for clays; and twenty per cent for loams. 
One hundred pounds of loam with twenty per cent of water 
will weigh 120 lbs. One hundred pounds of water require five 
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times as much heat to raise its temperature one degree as one 
hundred pounds of soil. Properly moistened loam will require 
twice as much heat to raise its temperature as it would if the 
soil were dry. 


Warm Soils.—Sandy soils carry less capillary water than 
loams or clays, and for that reason rise to a higher temperature 
with the same heat. It is on this account that they are called 
warm soils. 


Cold Soils.—Wet soils carry an excess amount of water 
which keeps the temperature down, because more heat is re- 
quired to raise the temperature of water than dry earth. 


Water Table Falling.—It is claimed by some meteorologists 
that cutting off of our forests has not affected the flow of rivers, 
the retention of moisture in the soil or the rainfall. It seems, 
however, that this would be the natural result. It is certainly 
proved by actually demonstrated facts that streams which once 
flowed in considerable volume have disappeared. Even good 
sized lakes, such as Silver Lake, in the town by that name in 
Essex County, New Jersey, has vanished. Wells that once 
supplied an abundance of water have gone dry. 


From facts gathered from 29,000 wells located in 48 states, 
W. J. MacGee, Bulletin 92, U.S. Bureau of Soils, shows a very 
marked fall in the ground water level. 


Forests hold the snows of winter until late in spring by 
affording shade from the rays of the sun. When the snow in a 
forest or piece of woods finally melts, the moisture is long held 
in the soil through the shade afforded a because of the pro- 
tection from drying winds. r ; 
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Investigators in Europe and in some other countries indicate 
that there is an appreciable increase in rainfall as a result of 
reforestation. 

It is claimed by old residents of various sections of the coun- 
try, originally heavily wooded, that the cutting away of timber 
and draining the land has greatly lengthened the period be- 
tween late spring and early autumn frosts. 

fs 

Drainage Laws are different in different states. Generally, 
a property owner is permitted to drain his land in the general 
course of natural drainage, by means of open or covered drains, 
discharging them into any natural water course, or any natural 
depression whereby the water will be carried into a natural 
water course, when such drainage is wholly upon the owner’s 
land. This may not include the sewage from house or barns. 

There are variations of this general procedure, as some states 
maintain drains and the consent of the commissioners is re- 
quired before drains may enter them. 

Some states permit a land owner the right to drain across 
adjoining property where necessary. Where it is possible, it is 
advisable to have an understanding with the owner of adjoining 
land, over which drains are to be conducted, to have the agree- 
ment in writing, signed and witnessed. It is a case of “an 
ounce of prevention is worth a pound of cure.” 

Where it is impossible to reach an agreement, the law prob- 
ably will provide a way to settle the matter. On general prin- 
ciples, avoid law suits. 
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Chapter XXI 


BENEFITS OF 
IRRIGATION 


Irrigation is the Watering of the Land.—It is the opposite of 
land drainage, which is the withdrawal of surplus water. Each 
is equally important. 


Plants and animals are composed largely of water and no 
form of life can survive without it. In plant life, water is the 
medium through which the transformation of raw materials into 
food materials takes place. It is by means of water that food 
products in the soil are transported to the locations where the 
plants grow. 


Animals move about for their food, but the higher orders of 
plants have their food brought to them through the medium of 
water. It can be understood from this how important it is that 
plants have the proper amount of water at all times to insure 
bountiful crops. Too much and too often, or continual wet, or 
insufficient water, acts on plants as too much or too little food 
constantly supplied to a human being. Sickness and a prema- 
ture end result. 


-Farm crops generally depend on the natural rainfall for water. 
Rains are irregular. Sometimes rains are continuous over ex- 
tended periods, raining every day or so for a month, or more. 
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At other times, even when the yearly precipitation is consider- 
able, there may be weeks without rain, when crops suffer se- 
verely or fail. In the East, a period of two weeks without rain, 
in the growing season, may be serious. 


Drainage takes care of the surplus water on areas not drained 
naturally, and irrigation supplies water in dry times, to make 
soils produce larger yields. 


Soils vary greatly in character. One may be benefited by 
_ drainage and another by irrigation. PODS soil may require 
both drainage and irrigation. 


The crop to be grown must be considered. Some plants pre- 
fer soil of coarse texture, retaining only small amounts of 
water, while others require a finer texture of soil and more 
water. Finally, it must be considered whether the increase in 
the crop by irrigation will pay for the expense of irrigating. 


The advantage of an ample supply of water is shown by the 
prolific grass crops on clay soils in seasons of continuous spring 
rains, which are far greater than on heavily fertilized land in 
dry spring seasons. The same is true with other crops. 


In humid regions, where the subsoil is water soaked, the 
nitrogen forming bacteria, for want of air are forced close to the 
surface. If the surface is then permitted to dry, the nitrifying 
process ceases and the crop suffers, although the plants may 
have sent their roots down into the damp soil to obtain moisture. 


When irrigation is supplied by rain or artifically, the nitrates 
formed are washed down where they are available to the deep 
roots of the plants and they are thus saved to the crop. 
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In soils well supplied with organic matter, nitrates are formed 
in large quantities and the soil water carries so many salts that 
it is no longer suitable for the use of the bacteria. If, however, 
water is supplied, the salts are washed downward where they are 
absorbed by the deeper plant roots and the fresh water induces 
increased bacteria activity and thus promotes plant growth. 


If the soil, in such cases, is not properly drained, the roots of 
the plants are forced to the surface and all of the nitrates washed 
downward will be wasted. 


With the roots close to the surface, in dry times, the plants 
absorb all the moisture, which checks the action of the bacteria 
and this in turn checks plant growth. 


Water exposed to the air is charged with oxygen, carbonic 
acid and nitrogen which add to fertility of the soil. It has been 
shown that plants are composed largely of water and therefore 
the importance of water to growing crops may be realized. 


Too much water causes the exclusion of air; reduction prod- 
ucts are then formed by bacteria which have a toxic or poisonous 
effect on plants. . 


Growers of tomatoes under glass regulate temperature and 
wate~ supply, so as to produce compact bushy plants, which 
give more fruit than large, soft plants resulting from other con- 
ditions. Vigorous growth is not encouraged until the blossom is 
fertilized or set. Vigorous growth is checked by withholding 
water, keeping the atmosphere of the house damp, supplying 
directly only what water is absolutely necessary. After the 
fruit has set, water is supplied liberally and top dressings of 
manure applied. 
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Dry Period to be Considered.—It is not alone the amount of 
rainfall, but the distribution during the growing season that 
determines whether irrigation may or may not be profitable. 
The dry period which may affect the growth of crops is the 
important consideration. 


The object of irrigating is to insure proper moisture relations, 
essential to plant growth throughout the entire growing season. 
Some crops, like the cranberry, are benefited by complete in- 
nundations. Others, like the pineapple, are grown on soil that 
leaches and retains but small quantities of water, so that even 
frequent rains must be supplemented by irrigation to obtain 
profitable crops. 


Water Requirements.—In considering irrigation and water 
supply, the question naturally arises as to what the actual water 
requirements on a place are. The human beings and live stock 
as well as the vegetable crops must be considered. In using the 
word vegetable, in this case, it means anything growing in the 
soil, either bush, tree or vine fruits, edible vegetables, grass, 
grain, flowers, plants, shrubs, etc. 


Animals drink many times their weight in water annually, 
according to N. J. McGee, Soil Water Expert of U. S. Bureau 
of Soils, and consume indirectly in their feed that much larger 
quantity required for the growth of the vegetable matter that 
they consume. The human consumption is still larger. A 
pound of bread is the equivalent of two tons of water, used by 
the growing grain; and a pound of beef the equivalent of fifteen 
to thirty tons of water consumed by the animal directly and 
indirectly through the feed: The adult person who eats two 
hundred pounds each of bread and meat in a year, consumes a 
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ton of water in drink, the equivalent of four hundred tons of 
water in bread and four thousand tons in meat. 


The domestic consumption of water is estimated at two hun- 
dred and forty gallons per year per capita for drink and ten 
times that for various personal uses and waste, and twelve times 
this amount for live stock. 


In making calculations for irrigating, the minimum amount 
of water required by the crops to be grown must be considered 
as well as the average price received for the crops. 


Where intensive cultivation is to be practiced and crops 
grown which necessitate a considerable outlay of money, such 
as florists’ plants and some nursery stock, sufficient water is 
required, and with ample pressure, for the use of a hose, 
sprinklers or the overhead pipe sprinkler system, now in 
general use. 


Sandy soils of coarse texture may require water every day 
or two, while once in three to six days may be sufficient for 
soils of finer texture. Sandy soil, with a coarse subsoil and with 
the water table down five feet or more below the surface, will 
require water more frequently than the same soil having a more 
compact and retentive subsoil, where the water table is higher. 
The character of the crop, the method of applying the water 
and the quantity applied will regulate the water requirements. 


Soils of coarse texture with porous subsoils are the cause of 
large unproductive areas in New York, New Jersey, Michigan, 
Wisconsin and throughout the South. No doubt these soils 
could be made productive by proper irrigation. 
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Actual Results from Irrigation.—In experiments at the Wis- 
consin Experiment Station, conducted two succeeding years, the 
increase in marketable potatoes was 105.9 bushels more on 
fields irrigated, as the plants seemed to need it, than crops 
grown in the ordinary way. On cabbage the average was 3.12 
tons greater per acre in favor of the irrigated field. The amount 
of water given was 814 inches in four applications, July 21, 

August 3 and 10, and September 3. 


With strawberries the increase in the irrigated crop was 173 
bushels more per acre than those not irrigated. The irrigated 
field produced three times as many berries and the fruit was 
larger and more salable 


It is the general experience, in irrigating raspberries and 
gooseberries, that an increase in fruit many times greater than 
those not irrigated is the result. 


Close Planting under Irrigation.—One advantage of irriga- 
tion lies partly in the fact that planting may be much closer 
than under ordinary cultivation. 


In a small experimental vegetable garden, well fertilized, 
vegetables were planted as closely as they could develop and not 
overlap—radishes, lettuce, onions, beets, corn, etc. The seed 
was sown thickly and the plants kept close together in the rows 
and the rows close together. The plot was 60 by 60 feet. 
Water was supplied liberally, daily. Crop after crop was har- 
vested and planted and the table of a family of four supplied 
through the season, and neighbors were frequently presented 
with fresh vegetables. 
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Where rain is abundant or irrigation practiced, the plants 
may be set so closely together that they have only room to 
develop, providing there is sufficient plant food in the soil, with 
sunlight and air. A small plot of large plants such as corn, 
may be planted closer than a large field, as air in one case will be 
ample and in the larger field, deficient. 


The effect of water supply on crops is shown in a table on 
page 174 of the Year Book of the Department of Agriculture for 
1910. The effect is here summarized, showing yield per acre 
in bushels: 


Water Corn Oats Wheat 
DOACKOMECE Sl cc sss csees 10 bu. 15 bu. 6 bu. 
G\ AGS. 3 105 bu. 120 bu. 40 bu. 


Ancient Greek philosophers thought water was the sole food 
of plants and this is not strange. As has been shown, water 
constitutes from sixty to ninety per cent of the green weight 
of plants. 


Irrigation an Ancient Practice.—The practice of irrigation 
dates back beyond authentic history. Evidence of Egyptian 
irrigation canals along the Nile have been found which were in 
use more than 2,000 years B. C. At the present time, not more 
than one-tenth of the water of the Nile empties into the Medit- 
erranean Sea, the balance being utilized through irrigation 
canals. One of the Assyrian canals was 400 miles long and in 
some the whole flow of rivers was turned and along the banks 
were gardens and plantations. China also has great irrigation 
canals. In America, in what is now New Mexico, Arizona and 
Colorado are found ruins of ancient towns and irrigating canals 
used by this early civilization. 
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At this point it is interesting to note that our speculations as 
to the possibility of the existence of people on the planet Mars 
are based on the observation of supposed irrigation canals 
which we think may carry the melting snow at the poles to 
fields of vegetation. 


— 


Sewage and Rain Water 143 


Chapter XXII 


SEWAGE AND RAIN 
WATER 


Sewage waters, not contaminated with poisonous com- 
pounds, such as the refuse of dye houses or other injurious 
chemicals, and not too highly concentrated, are very valuable 
for irrigating and fertilizing purposes. They are largely used in 
England and in some places on the continent. 


In America, sewage is emptied into lakes and streams. In 
some cases unfortunately, as along the shores of the Great 
Lakes, water from the lakes is used in the city water supply, as 
at Chicago, Cleveland and other cities. In these cities, at 
times, if not at all times, the water is unfit for human consump- 
tion, often spreading disease, such as typhoid. 

Sufficient valuable fertilizing material is wasted in sewage 
thus wasted to pay the cost of extracting and supplying farmers 
with a cheap and greatly needed fertilizer. No substantial 
permanent effort is now made to protect the drinking water and 
conserve the sewage of these cities. Cooperation of city, 
county, state and government legislators could very easily 
effect valuable reform. 


If the sewage run into the rivers and lakes of this country, 
containing matter that pollutes the waters and endangers 
health, was filtered or spread over wide areas where it could de- 
posit the solids, in a manner so the flow could be controlled and 
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directed from one basin to another, the deposits could be gath- 
ered, and this valuable material used for fertilizing purposes. 

Reclaimed sewage fertilizer would probably sell for sufficient 
to pay the operating costs and a profit besides. Our lakes and 
streams would no longer develop unhealthful atmospheric con- 
ditions, making the water unfit for use. 


Plant Food from Water.—In some locations farmers do take 
advantage of the plant food carried in the waters of streams 
into which the sewage of cities is discharged. On the Edin- 
burgh meadows, Scotland, from three to five crops of grass 
have been cropped for many years, with no fertilizer other than 
that contained in the sewage water with which it is irrigated 
and these lands bring a high rental. 

Sewage farms in England, having good loam soil, use from 
30,000 to 40,000 gallons of sewage per day, showing clearly the 
possibilities and desirability of using this material. 


Sandy soils, when irrigated, if the water contains silt, are in 
time greatly improved by the deposit, which improves the con- 
dition of the soil as well as supplying fertilizing material. 


Rain Water Valuable.—Hard water contains lime and there- 
fore, where very best results are wanted, as with rhododendrons, 
azaleas, and other ericaceous plants, they should only be irri- 
gated or otherwise watered with rain water. 


English gardeners value rain water for watering certain 
plants and store up in cisterns what falls on their greenhouses © 
and other buildings. ‘Some florists have cisterns in their green- 
houses. The temperature of the water in cold weather is 
raised by the heat of the greenhouse so it does not chill the j 
plants. 
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Chapter XXIII 


NOTES ON MOISTURE 
—SECOND CROPS 


Roots of land plants absorb moisture from the soil and 
through the moisture the salts held in solution. The innumer- 
able delicate root hairs hasten the solution of plant food in the 
soil, in addition to keeping up the needed supply of moisture 
for the support of the plant. 


Transpiration Accounts for Great Water Loss.—Great 
quantities of water are required by plants, to replace that 
which is given off by the immense leaf surface. To better un- 
derstand the matter, consider the surface that would be covered, 
if all the leaves of a fully developed fruit or shade tree were 
spread out, without overlapping. Consider also that this is only 
half the surface or less as the underside of the leaves constitute 
another surface. Air enters the pores of the leaves and the 
internal surface greatly exceeds that of the outer surface. 


In one of his numerous experiments Prof. King calculated, 
as a result of transpiration, that an acre of corn in a period of 
thirteen days, when the plants were coming into tassel and 
forming ears, removes 244 tons of water from the soil, and this 
water was withdrawn through the great mass of root hairs, 
spread through a soil so dry that no amount of pressure could 
squeeze a drop from it. 
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Irrigation Makes Second Crops Possible.—After early 
summer, the surface soil in humid sections, becomes quite dry 
and water does not sink in readily. This makes the growing of 
a second crop both difficult and uncertain as illustrated by the 
fact that second crops of hay are raised only occasionally. The 
rainfall during summer and autumn is sufficient for the pur- 
pose, from figures supplied by the Weather Bureau. The 
trouble is that the rain water is held near the surface and does 
not reach the roots, as shown by the crop produced when the 
rainfall during this season is excessive. Where irrigation is 
possible a good second crop may be depended on, providing 
fertility is maintained. 


Where irrigation is not possible, autumn plowing, recom- 
mended elsewhere, should frequently be done and as late as 
possible, so it will not be washed by early rains. This plan is 
advisable for all crops, including small fruits, in orchards, and in 
circumstances where there wili be no danger of inducing too late 
growth and subsequent winter killing, if plowed just before 
freezing. 


Subsoiling as an alternative to irrigation is done, in heavy 
soils, permitting the water to enter the soil to a greater depth 
and to be retained there ready to work up by capillary attrac- 
tion as and when needed by the plant roots. With horses, 
subsoiling is rather a hard and expensive job, but tractors 
simplify the operation. 


Needed Oxygen Supplied by Watering and Stirring.—Plants | 
need oxygen in the soil for the respiration of the roots, quite the 
same as human beings require it in the air for the lungs. We 
know that the more persons there are crowded into a room, the 
more difficult it soon becomes to breathe; the same result is — 
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produced when plants are crowded in planting. If the soil is 
mellow, containing a goodly amount of organic matter, and is 
kept stirred and well watered, it is surprising how closely plants 
may be placed, when this seems necessary, and still thrive. 


Oxygen in the soil decreases, however, as the quantity of 
surplus water increases; not only the roots of the plants are using 
the oxygen, but also the germs which transform humus into 
nitrates. Therefore, watering by irrigation or other methods 
must not be overdone. 


Where very close planting is practiced, it is not likely to be 
successful unless available nitrates are applied directly to the 
soil in sufficient quantity, as well as potash and acid phosphate, 
in addition to organic matter, such as decayed leaves, manure or 
decayed vegetable matter of some kind. Thick, heavy growth 
densely shades the surface and absorbs most of the heat from 
the air. This reduces the temperature of the soil which slows 
up the work of the bacteria and they will not supply as much 
plant food as they would were the soil warmer. At the same 
time, the lowered soil temperature lessens the root pressure 
which is needed to send the liquid plant food up into the foliage 
where it is assimilated. 


Starches and cellulose from which plant tissues are built 
cannot be organized in too poor sunlight. 


Quantity of Water Required for Cultivation.—Eighteen acre 
inches of water has produced 60 bushels of wheat to the acre; 
15 in., 70 bushels of barley; 16 in., 100 bushels of oats; 17 in., 
100 bushels of corn; 6 in., 300 bushels of potatoes and may be 
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reckoned as the least amount of water necessary. In most 
cases, more acre inches water will be required. 


An acre inch is the amount of water required to cover one 
acreaninchdeep. See ‘‘Measuring Water ’”’ in Chapter XXIV. 
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Chapter XXIV 


QUANTITY OF 
WATER—MEASURE, 
TEMPERATURE 


The conditions which must be considered in arriving at the 
amount of water needed are: the capacity of the soil and subsoil 
to store capillary water; the depth of soil penetration by the 
roots of the plants; the rate at which the soil below the roots will 
supply water to the roots by capillary attraction; and the 
amount of water in the soil or the extent to which both the soil 
and subsoil have become dry. 


The frequency of applications of water depend on: the 
amount of moisture in the soil available for plants; the rate at 
which water is lost through consumption by the crop; by perco- 
lation or drainage; and, by evaporation. The amount of water 
supplied by natural rainfall should also be considered. 


The object of irrigation is, as has been said, to produce the 
largest crops possible. Therefore water to produce this result 
should not be withheld. More than sufficient water supplied 
means unnecessarily increased labor. The less the field is wet, 
the less will be the amount of water lost by evaporation and 
seepage. Consequently the higher will be the service of the 
water used. . 


120 Audels Growers Guide No. 1 


As a general rule, apply as much water as the crop will stand, 
where water is plentiful. Then cultivate frequently for the 
good of the crop. Cultivate also to reduce the frequency of 
applications where water must be used more sparingly. 


Examples: Wheat in Colorado is irrigated twice during the 
season, as a general rule, sometimes three or even four times. 
In New Mexico, irrigation before sowing and five or six times 
after sowing is the general practice. In Italy, fruit trees are 
watered every week or two throughout the season. 


Measuring Water.—Water is measured by the acre-inch, 
which means sufficient water to cover one acre, one inch deep. 
For instance, six acre inches is water sufficient to cover six 
acres one inch deep, two acres three inches deep or one acre six 
inches deep. One acre contains 43,560 square feet, and as a 
foot contains twelve inches, one acre inch equals one-twelfth of 
43,560 or 3,630 cubic feet. In a cubic foot there are 1,728 
cubic inches and 231 cubic inches in a gallon. One cubic foot 
equals 7.43 gallons and one acre inch equals 26,970 gallons. 


Water is also measured by the second-foot which is a flow of 
water equal in volume to a cubic foot in one second of time. 
A flow equaling a volume of one second-foot would require an 
hour and thirty seconds to supply an acre-inch. 


The miner’s inch is a measure used throughout the western 
mining country by miners and also for irrigation. A miner’s 
inch is the amount of water flowing through an opening one inch 
square in one second of time under a stated pressure. This 
pressure varies in different localities. In California, for in- 
stance, fifty miner’s inches are considered equal to one-second 
foot. 
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Taking a general average, a cubic foot of water per second 
serves 117 acres. Applied once in ten days, this would cover 
the surface to a depth of a trifle more than two inches at each 
application. 


Open Subsoil.—Where the subsoil is open, having small 
retentive capacity, judgment will be required regarding the 
quantity of water applied and the rate at which it should be led 
over the surface, to prevent waste from its rapidly falling below 
the point occupied by the plant roots. 

Frequent cultivation, to keep an earth mulch in proper con- 
dition, greatly reduces the amount of water needed. 


The richer the soil, the less the water reyuirements to produce 
maximum crops. 


Water Temperature.—The nearer the water is to the natural 
temperature of the soil the better. If the soil temperature were 
reduced to 50 degrees Fahrenheit, and held there for very long, 
growth would be checked and the crop might suffer. Water 
from mountain streams, if not used in too large quantities at a 
time and water from wells and springs is generally safe to use. 
The soil in summer is warm and water at that season warms 
rapidly. Water from city mains is used daily in various parts 
of the country with good results. 


Shallow rooting plants require more water than plants having 
deeply penetrating roots because considerable water will be lost 
through percolation below the root ends.’ On this account the 
water must be applied more frequently. 

Soils having the coarsest and most open texture will lose 
the most water through percolation. The surface evaporation 
from the heavier soils is much greater than from light soils. 
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Sugar cane requires large and frequent irrigations. Rice 
requires so much water that it is not considered in a class with 
ordinary crops, and the same may be said of the culture of 
cranberries. In Italy over grass meadows, during seven months 
of the year, a continuous flow of water is kept up. 


Irrigation Developing Alkali.—If it is found that constant 
cropping of a piece of land evaporates water and curtails drain- 
age sufficiently to develop alkalis, more moderate quantities of 
water should be used thereafter. Alkalis are injurious to crops 
and flooding may be necessary to wash out the soil. 


Alkali Water Unsuitable.—Strong alkali water is unsuitable 
for irrigating purposes. Water from swamp lands containing 
large amounts of humic acid or injurious salts may also be un- 
suitable. In arid climates, not only must enough water be used 
for irrigating the crop, but sufficient also to wash out the salts 
formed in the soil. 


Plants on Alkali Soil.—Plants may grow sufficiently well on 
alkali soil to give the impression that other causes are the result 
of poor crops. The crop may germinate properly, but soon 
begin to fail in spots. This occurs in marsh soil. The failing 
plants will be found to have a poor root system, the roots de- 
caying and new ones endeavoring to form. 

In such soils the alkali may not remain stationary, but be 
washed down several feet in the soil and then, at times, collect 
near the surface. The remedy for this condition is, first, proper 
drainage and irrigation with pure water. 
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Chapter XXV 


HOW AND WHEN TO 
WET THE SOIL 


Wetting the Soil.—Thorough wetting of the soil requires a 
study of the character of the soil and subsoil. Water in an open 
soil such as sand sinks down rapidly. The water, to do what is 
expected of it, must be lead over the field in channels so close 
together that the soil between will be saturated quickly. 


A fine soil with a heavy subsoil will permit water to flow 
through channels at a considerable distance apart. The close 
subsoil will act as a basin, holding the water which will be 
raised by capillary attraction as needed by the plant roots. 

When soil becomes very dry before watering, the water 
spreads faster and sinks in more slowly and rises more slowly 
by capillary attraction. 


Puddled Soil.—A puddled soil results when the grains of the 
soil are packed together in a compact mass. In puddled soils 
denitrification is rapid and want of air causes plant roots to 
suffer. 


Water Before Seeding.—Irrigated fields should be watered 
before plowing and seeding, so the crop will be well along before 
being watered again. Watering immediately after seeding 
compacts the soil to such an extent as possibly to be injurious: 
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When the soil has settled naturally and becomes bound by . 
the roots and shaded by the plants, there is less danger of 
injury by flooding. 

Water in channels or furrows which do not overflow, spread- 
ing through the soil between the furrows, give a result that is 
the opposite of puddling. Therefore where cultivation is prac- 
ticed to save water, this method should be used where possible. 


Erosion.—Be careful not to permit too rapid a flow of water 
as this will cause erosion or washing of the soil. Where washing 
results it shows that the flow is too rapid and should be lessened. 
On flat land where the water moves too slowly, increase the 
amount of water in the furrow. Where the water runs too fast 
it should be run into more furrows to decrease the flow. 


Flooding is the most economical way of irrigating where this 
is possible. It also gives the most uniform results. The fields 
in this case are laid out in proper size with ridges surrounding 
the fields, to retain the water. 

Each piece of land to be irrigated presents a separate problem 
and no general plan can be given to cover the necessities of all 
cases. The size of the fields enclosed must be determined by 
the general character of the land, its slope, the water available, 
Cues 

Fields to be irrigated should be leveled so the water will 
spread evenly. Unless the field is leveled some places will re- 
ceive too much and some too little water. Any form of level or 
road scraper will be found all that is necessary for this purpose, 
except in extreme cases which must be considered individually. 


Furrow or Channel Irrigation.—Where crops like potatoes 
- and corn or market garden or nursery crops are grown in rows, 
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it may be desirable or necessary to use the furrow method of 
irrigation, after the crop is planted. If watering is needed before 
planting, the soil should be thoroughly saturated to a depth of 
three or four feet, before it is prepared. After planting keep 
thoroughly tilled. Potatoes and corn may be harrowed without 
injury until the plants are well up. 


Audels Growers Guide No. 1 


126 


C 32 YO poutelp SI JoyeM BY, “OOD Sped 
ay} pooy pue ‘gq puod ay} Wo1 MOY Jo}eM OY} Jo] 0} JUSTOYINS St ‘yyeuis 
ay opeis oy], “107M UTeJaI 0} ‘SONIP “WV ‘puod ‘g ‘spaq Atiequelo “Qa 


Od AYAHANVAOD 


Furrow Irrigation 127 


Chapter XXVI 


EXAMPLES OF 
FURROW IRRIGATION 
—RICE CULTURE 


Irrigated potatoes are hilled up at the last cultivation, supply- 
ing mellow soil in which the tubers may set and over which the 
water should not be permitted to rise. Each row may be irri- 
gated, or every other row. 


Irrigated potatoes require a constantly moist soil after the 
tubers begin to form, so growth may not be checked. If the 
soil dries and growth is checked, the tubers will start growing 
when water is again supplied, which makes them unsalable. 

Potatoes grown under ordinary field culture, when the tubers 
have formed during or immediately preceding dry weather, will 
sprout if left in the ground when rains are sufficient to again 
saturate the earth. 


Cranberry Irrigation.—Cranberry bogs are located where the 
water is at the surface and during the growing season the 
water is held to within two feet or less of the surface. For 
special purposes it may be dates to flood the iy and draw 
off the water quickly. 
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In some cranberry bogs, dykes are used to keep the water 
out of the beds which are lower than the water carried past 


| 


. 


CONCRETE HEAD GATE IN A DYKE FOR CONTROLLING 
WATER SUPPLY 


The field beyond is flooded to protect against a severe frost—U. S. D. A. 


them. At times the dykes are opened and the bogs flooded. 
The bogs are then drained by letting the water out on lower 
levels. 


The elevation or “lay of the land’’ may be such as to make 
this system impossible on some fields. In other cases the beds 
are surrounded by wide ditches, topped by low dykes made 
from the soil removed in digging the ditches. Narrow ditches 
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cross the beds, about twenty-five feet apart and these serve as 
water carriers when the water is applied and as drains when it is 
removed. The flooding and draining must be arranged accord- 
ing to the requirements of each bog. Windmills and engines 
are sometimes used in elevating the water. 
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DEEP PENETRATION AT THE ROOTS IS IMPORTANT 


Orchard irrigation generally is the furrow system. The water 
is led between the rows of trees, through the orchard in shallow 
furrows, in slowly flowing streams, so as to allow the water to 
spread widely and penetrate deeply. Deep penetration is im- 
portant as the roots of matured trees, such as apples, where the 
earth permits, penetrate to great depth. Three or four feet of 
the surface should, if possible, be wet and in doing this a good 
lateral spread will result. 
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Young trees require that the soil about them be moist and 
until well established require ample water. This is given eco- 
nomically by furrows encircling the trees. As soon as the soil 
is in condition, after irrigation, orchards should be cultivated 
and this repeated frequently. 


Irrigating Small Fruits.—Small fruits respond to irrigation in 
a manner to delight the heart of the cultivator. Irrigation in- 
. creases the production and size of raspberries prodigiously and 
the flavor seems better. The gooseberry, a delicious fruit when 
ripened on the bush, is comparatively unknown in America— 
perhaps because it is not generally understood that the goose- 
berry requires a constantly moist soil. 

Strawberries, blackberries and other small fruits may be 
grown of excellent quality and good yields in humid climates, 
but ample water aids them remarkably. 

The irrigation of small fruits may be by the furrow method, 
the streams each side and close to the rows or by one of the 
systems of overhead irrigation. 


Rice culture is possible where the field may be flooded to a 
depth of six inches every ten days. 

The fields are plowed and seeded in the spring and flooded 
six inches deep, the water held at this level until the seed has 
germinated and the first three roots formed. The water is re- 
moved for three days, which advances root growth. The field 
is then flooded to cover the plants. The water is changed each 
week for three weeks. Then the water is removed and the field 
hoed twice, the dry roots forming and the heads finally becom- 
ing ready to form. Weekly irrigation is again given and con- 
tinued until the crop matures. 

As the water stands it becomes stagnant and affects the 
plants adversely. 
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Care is taken to see that the fresh supply of water reaching 
the ditches forces out all of the old water from the fields. 


Red rice lowers the grade price. This is caused by the seed 
ripening and falling before the crop is harvested and germinating 
the next season. This is controlled, after the harvest, by flood- 
ing the field, causing the seed which has fallen, to germinate so 
the young plants will be killed by frosts. Where this system 
cannot be operated, some plan must be utilized, by rotation of 
the crop or otherwise, to kill all the red rice in the soil, before 
planting another crop. The early fallen rice is said to retain its 
vitality for five years and may appear after three, four or even 
five years, unless killed. 


Audels Growers Guide No. 1 


132 


NOINA 
ONINYUNL 


Jojour Aq 10 
puey Aq suop oq Aew Sulu], “UOTUN SuTUIN} pUk oATBA JO [IeJeP SULMOYS 


WALSAS NOILVOINNI 
GVAHUAAO 34M) HLIM NAGUVD LaMUaVN AO Wveovid 


Overhead Irrigation 133 


Chapter XXVII 


OVERHEAD 
IRRIGATION 


Overhead irrigation is accomplished by lines of pipes above 
the heads of the workers, fitted with nipples or nozzles which 
throw fine streams rather high in the air, distributing the water 
over a wide surface. The pipe lines are run parallel, fifty feet 
apart. The nipples are placed three feet apart along the pipe 
lines, and as they throw but small streams, are permitted to 
run for a considerable time. The pipes turn on their supports 
by alever at oneend. In this way each pipe line waters a space 
of twenty-five feet each side of it. The water may be turned on 
or off of any line, as desired. 


The pipe lines are set high enough so cultivating can be done 
under them either with horses, power or by hand. Some mar- 
ket gardeners set the pipe lines not more than three or four feet 
high. 


Some overhead irrigation systems are now provided with 
automatic oscillators, operated by the flow of the water. 
These oscillators will operate a line 500 feet long on 35 pounds 
pressure. With this attachment the water may be turned on 
at night at nine o’clock and by six the next morning, the crop 
will have had the equivalent of an inch of rain. 
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A power oscillator driven by a small motor is sometimes used 
for units of this system covering fifteen to twenty acres oscil- 
lated in unison. 


AUTOMATIC IRRIGATION SYSTEM BUILT HIGH 


so that teams, tractors and farm machinery may be used without inter- 
ference 


An oscillating line moves from one side to the other while 
the water is flowing, so both sides of the line are watered at the 
same time. 

Water for overhead irrigating systems may be supplied 
from a tank, elevated enough to give a good pressure in the 
pipes, or from the town water system when the pressure is 
sufficiently heavy and the cost not prohibitive. 


The roots of bush berries penetrate deeply, so that thorough 
saturation may be made before the fruit is ready to pick and the 
water retained by thorough cultivation. 

With the overhead system the water can be controlled so that 
it may be kept away from the part of the field where pickers are 
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at work and the balance watered until time for the pickers to 
operate. Water may again be applied where the fruit was 
picked to encourage more flowers and ripen the green fruit. 


Strawberries are so shallow rooted that irrigation may be 
necessary during picking. With the overhead system any part 
of the field can be watered or withheld from other parts, as may 
be desired to dry up the soil sufficiently for the pickers to 
work on. 

With the trench system strawberry beds are laid out by some 
growers so the water is led between alternate rows, leaving dry 
rows of land to walk on. 


Vegetable gardens operated by market gardeners are laid out 
in comparatively small beds, on light open soil and various 
systems of irrigation used. The overhead system is coming 
into quite general use for vegetables. Any system that will 
wet the beds quickly and economically, without washing the 
soil will give increased production. Where market competition 
is keen, vegetable growing may not be profitable without irri- 
gation even in humid sections. 


Celery and lettuce growers use a system consisting of fur- 
rows eighteen inches apart and six inches deep. This leaves a 
ridge eighteen inches wide between each furrow. Lettuce is 
planted on one side of the ridge close to the furrow and celery 
on the other side. At the head of the furrows, a stream of 
water is led and from this, one furrow is filled at a time until 
all the furrows have been supplied. A furrow filled once is 
supposed to be all the water that is needed. 


A home made system of watering with lengths of hose gave 
good satisfaction over some twenty. acres. A stream was 
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dammed up to form a pond or reservoir as a source of supply. 
Wooden tanks were raised on a platform high enough above 
the highest point of land to give sufficient pressure to insure 
a rapid flow through the pipes and hose. Water was raised by 
a windmill. Galvanized pipe was used for the mains which 
were run in trenches, below the plow line and the pipes were 
brought to the surface at various points, fastened to 2 in. x 
4 in. stakes, set securely in the ground and supplied with a 
‘faucet having a thread to which the hose could be attached, 
forming a hydrant. The hydrants were located so that with a 
hose a hundred feet long, the whole surface could be watered. 
Sprinklers were used for watering, made of inch pipe five 
feet high. A thread cut at each end. At the bottom, a T was 
used. Below a foot of pipe was inserted and the end of the 
pipe heated and pounded to a solid point. A short piece of 
pipe, threaded inserted in the T to which the hose was at- 
tached and detached. The top fitted with a rose similar to 
the rose on a watering pot, turned at a slight angle. The 
sprinklers set up and allowed to run until the soil was suffi- 
ciently wet, and then moved to another location. Six or eight 
sprinklers were operated at a time. In the autumn the water 
was shut off from the pipes and what remained in the pipes 
was drained out to avoid damage by freezing. 
The overhead system is satisfactory and considered more 
economical than systems where the lines are laid and the water 
liberated under the surface of the soil. 


Sub-irrigation, that is, irrigation from below the surface, 
has been so generally unsatisfactory where tried, that it is suffi- 
cient to say of it, that it is not recommended. 


Watering Lawns and Trees.—To reach the roots of trees 
and even the more shallow rooted shrubs, a supply of from 


Overhead Irrigation 137 


two to three inches of water is required. This can not be fur- 
nished by a light sprinkling with a hose. 


Lawns will do better when they are more thoroughly sup- 
plied at one time with water and less frequently, rather than 
continuously watered so lightly that only the surface is wet. 

Light watering results in the roots seeking the moist surface 
soil, thus growing closely to the surface. In hot weather the 
moisture quickly dries and the hot sun and winds cause the 
grass to dry up. 

Deep wetting leads to deep rooting and deep rooted grass 
plots have a better opportunity than shallow rooted and will 
stand more drought. 

More effective watering can be done for lawns, trees and 
shrubs by laying the end of the hose on the lawn and per- 
mitting the water to flow with only such force as will allow 
it to flood the lawn without washing. When one space is well 
flooded, draw the hose to an adjoining space, and so on until 
the whole surface has been well covered. If a sprinkler is used, 
allow it to remain in one place until the soil is wet two or 
three inches deep. 

Trees in our public parks die constantly, and quite generally 
because they do not receive sufficient water. 

Domestic water systems, operated by electric or gasoline 
motors, are now to be had suitable for suburban homes, sup- 
plying water from wells or springs for house, barn, garage, 
lawns and garden. 
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AERATING PLANT—ROCHESTER, N. Y., SEWAGE DISPOSAL SYSTEM 
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Chapter XXVIII 


SEWAGE IRRIGATION 


Sewage water that is free from oil and grease is valuable for 
irrigating, as has been stated in a previous chapter. But the 
organic matter which it contains must be oxidized and rendered 
harmless through fermenting germs. 


Light loams and sandy soils are best suited to sewage irri- 
gation. On heavy soils, care must be exercised not to use too 
large quantities or to water too frequently. 

In cold climates where the ground is frozen for several 
months every year, the sewage water can be used in crop pro- 
duction only during the growing season. As fermentation pro- 
gresses favorably only above 50 degrees Fahrenheit, the filtra- 
tion of sewage into the soil takes place, in cold weather, without 
purification through fermenting germs. In such cases land 
should be reserved on which no sewage has been applied during 
warm weather. ‘This land being dry will retain much water 
which would be purified when the weather is warm and growing 
-crops will then benefit. 

It has been proved that sewage water passing slowly through 
the soil where there is plenty of air, subject to denitrification, 
is perfectly pure. Not more than two inches of water should 
cover the land and be allowed to sinkin. This becomes purified 
and as it drains away, the land is covered again. The former 
covering being purified, draws in air as it sinks and the opera- 
tion is repeated. If water is applied before the previous cov- 
ering has been completely purified, the water may be dangerous. 


Examples:—Just outside of Paris, on what was once worth- 
jess and unproductive land, a garden is maintained, to show 
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how the sewage water should be used. The growth in the 
garden is luxuriant and the surplus water that flows away into 
the Seine is so pure that housewives take it away in pails for 
home use and the workmen use it for drinking water. Lands 
in this locality, once so poor that nothing grew on them, are 
now rented to market gardeners at a high rental. The sewage 
is carried in underground pipes and released through hydrants. 


Through the south this system could be operated the year 
around, the immense fertilizer bill of that section greatly re- 
duced, and at the same time the health of the people would 
be improved. The land in southern New Jersey and States 
below it could be continuously operated in this way. 

Rochester, N. Y., reduces its garbage in a plant free from 
nuisance, so it can be conveniently located in the city. About 
450 lbs. of tankage is recovered and from 60 to 85 lbs. of 
grease, per ton of garbage. Tankage is used for feeding hogs 
and other animals and is also a valuable fertilizer. 

The rubbish incinerating plant, located nearby, furnishes 
the steam used on the garbage reduction plant. The fuel is 
largely refuse wood, strawboard boxes and other collected rub- 
bish. All the material is sorted and tin cans and tops are the 
only waste. Glass, white and yellow metal, rubber, rags and 
paper are sold and the plant is nearly self-supporting. 

The sludge from the sewage disposal plants in Rochester is 
sold to farmers, market gardeners and fruit growers for fer- 
tilizing purposes. It contains about fifty per cent moisture 
and two per cent nitrogen when dry. It is sold, when dumped 
into the farmers’ vehicles, at seventy-five cents a load, regard- 
less of the capacity of the truck. Farmers from as far distant 
as seven or eight miles call for it and use it as a fertilizer and 
as a top dressing for orchards. This price only a little more 
than pays the city the cost of handling the sludge. 
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Chapter XXIX 


FER TILIZERS— 
INTRODUCTORY 
NOTES AND 
TABLES 


Scientifically, there is a difference between the terms “‘fer- 
tilizer” and “‘plant food,”’ but, generally speaking, these terms 
are applied to any material that directly or indirectly encour- 
ages plant growth and are so used in this work. 


Some fertilizers, or plant foods, are immediately available, 
like nitrate nitrogen. Others are available, but somewhat 
slower in action, like ammonia. Other fertilizers, like green 
crops turned under, are indirect fertilizers and are much slower 
in becoming available. Lime used to neutralize acidity is an- 
other illustration of indirect fertilization. The average person 
has not the time to go minutely into the scientific details. 


Available Plant Food is plant food or a constituent in such 
form that plants can utilize it at once. 

The use of fertilizers in however large quantities will not 
take the place of good tillage. Good drainage, lime as needed, 
tillage, and properly balanced fertilization are the bases of good 
crops. 
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Organic Matter.—The maintenance of a proper supply of 
organic matter in the soil as a fertilizer is of first importance, as 
productivity depends largely on the humus content of the soil. 

Organic matter in the soil may be increased by plowing under 
green crops of rye, clover, buckwheat, peas, beans, vetch, etc., 
when they have reached their maximum growth. 

Barnyard manure was formerly depended on for the soil 
supply of organic matter, but it is becoming scarce and other 

‘materials are used in its place. Leaves that fall from the trees 
in autumn are valuable and should be saved for this purpose. 
Straw is good and peat also may be useful. 


Inorganic matter applied to the soil assists the soil to regain 
its natural and fertile condition. Applications of various chem- 
icals to the soil is a complicated and absorbing study that needs 
the attention of every gardener and grower. 

Applications of organic and inorganic matters to the soil for 
the purpose of fertilizing it and supplying plant food is covered 
in the following chapters. 


Composition of the Soil.—To understand the reason for ap- 
plication of fertilizers let us look at a table that shows us the 
average chemical composition of good soil. We find: 


Per Cent Per Cent 
Oxaxeon yee Cen an eee 47.0 Magnesium: 32). eae 7a 
SIICONMM OI ais cyoiere cies tes « 28.1 Sodium: ):.. J. seers PANO) 
PAVUINIGATYDIIINON Nan shtelisks poe! eeaiete's ales S724 Potassium ::. 5.)9 eee eee HEuZio 
NUOWMMR RR cites 6s bee cas 4.6 Sulphur, phosphorus, etc....... 1.1 
CAIN, 6 02:6 ope oOo eee Sab) 


Oxygen, silicon and aluminum make up more than 83 per 
cent of the constituents of the soil, but contribute no plant 
nourishment. 


Mineral Compounds in the Soil.—Portions of rocks con- 
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verted into soil undergo definite chemical changes. The follow- 
ing chemical compounds are also generally present to a varying 
extent in soils. They are the inorganic soil constituents: 


Calcium 

As carbonate, nitrate, sulphate, silicate, phosphate. 
Potassium 

As carbonate, nitrate, sulphate, silicate, phosphate, chloride. 
Sodium 

As carbonate, nitrate, sulphate, silicate, phosphate, chloride. 
Magnesium 

As carbonate, nitrate, sulphate, silicate, phosphate, chloride. 
Iron 

As oxide, hydroxide, hydrated oxides, phosphate, silicate. 

* Aluminum 

As oxide, hydroxide, hydrated oxides, phosphate, silicate. 
Manganese 

As oxide, hydroxide, hydrated oxides, phosphate, silicate. 


Not all of the above inorganic constituents of the soil, such 
as oxide, hydroxide, hydrated oxides, phosphate, silicate, are, 
however, important to growing crops. 


STRIKING EXAMPLE OF VALUE OF FERTILIZER 

Pile at left:—no fertilizer for fifteen years. Yield of timothy hay, 4 ton 
; to the acre 

Pile at right:—from land receiving manure and commercial fertilizer reg- 

ularly. Yield of timothy hay, 214 tons to the acre. N. Y.State Exp. Sta. 
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_ The following table gives the amount of fertilizer advised per 
acre; what the amount will be per square foot and the approx- 
imate amount for ten square feet: 


Table for Applying Fertilizer. 


Equivalent per Equivalent per 
he oes Square Foot Ten Square 
in Ounces Feet in Ounces 

100 . 036+ VY 

200 073+ 34 

300 .110+ Lo 

400 .147— 1% 

500 . 183+ 14% 

600 . 220+ 2% 

700 . 257+ 24% 

800 . 294 — 3 

900 . 330+ 34% 
1,000 . 367+ 3% 
1,100 . 404 + 4 
1,200 . 441 — 42/5; 
1,300 .478 — 434 
1,400 .514+ 51; 
1,500 .551— 5% 
1,600 . 508 — 59/10 
1,700 . 625 — 64% 
1,800 . 661+ 636 
1,900 698 — 
2,000 a (ae 1% 


To find the quantity of fertilizer per square foot, when a given amount 
of fertilizer is recommended in tons or in pounds per acre, there being 2,000 
pounds in a ton, multiply the number of pounds per acre by 16, the number of 
ounces in a pound and divide the result by 43,560, the number of square feet 
in anacre. Knowing the amount in ounces required for each square foot, the 
quantity for any area may be obtained by multiplying the number of square 
feet in the area to be fertilized by the quantity required for each square 
foot. 
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Why Fertilizers are Necessary.—Edward J. Russell, inter- 
national agricultural expert, comments on American farming as 
follows: 


ABANDONED FARM 


Exhausted soil is now being reclaimed through use of commercial fer- 
: tilizers and green manure 


“The crowding of population into cities, and the cheapening 
of transportation rates, led to the adoption of what is perhaps 
the most wasteful method of farming known: continuous 
cropping without spells of leguminous and grass crops. The 
organic matter was rapidly oxidized away, leaching and erosion 
increased considerably when the cover of vegetation was re- 
moved; while the compound particles that had slowly been form- 
ing through the ages soon broke down. Nothing was returned 
to the soil, the grain and other portable crops were sold and the 
straw burnt. The result has been a rate of exhaustion un- 
paralleled in older countries, and beyond the farmer’s knowl- 
edge to remedy, so he left the land and moved on. The experi- 
ment of Hopkins at Illinois and Whitson at Wisconsin, have 
shown that additions of lime, phosphates and potassium with 
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the introduction of rotations including grass and leguminous 
crops and proper cultivation will bring about a marked im- 
provement.”’ 

For handy reference, at the beginning’ of our study of the 
subject of fertilizers the following table is given. Material 
will analyze differently from different parts of a pile, or mate- 
rial from different localities. Therefore the analyses in the 
‘ various tables may be slightly different. 


Fertilizing Constituents in 100 Pounds of Various Matter 


: Phosphoric Potash 

Nitrogen | Acid (POpaiamacO) 

IAGIG phospidten ss Lo eee. A ae 15. 20 Stas 
NUE EIreS Ty a een . 62 sels ai) 
NTieiitaiawamRee nye ee ce. 16 .61 1.79 
Ammonium sulphate............ 20. 50 Tae Soo 
INOS os. 9 1 05 . 02 aah 
IAPPIEPOMDACE Sen ec ccs. Fees a IG .O1 .03 
Ashes, average. . Cal iene eee 53 Sats: 
Ash of evergreen recs ioc. s A 2.50 6. 00 
Ash of hardwood trees.......... eG 3250 10. 00 
INGINSSS jlesicloiec lee 40 1. 5i PARE 
IRENA KENICY ot, HO lend ee 1.39 .79 48 
WBanlevastraWa eae pie wes canes eee ideshik . 03 2.09 
IBIS RES Un Bid Oa ee 4.08 SPA 1.29 
TSCATIES ERA ig ates cis se 5 a 1.14 eal 1.84 
Beetmimaneelarnrien geek lee .19 . 09 . 38 
Oe Ad be . 08 Bou, 
Blood, dried. . ee ay 13. 50 Ta 77 
Bone meal. . +2 het eee 2. 30 17. 60 Ol 
Brewers’ grains, dry. Re ss eae OM 1.61 . 20 
Brewers’ grains, wet............. . 62 542 .05 
IBUCIEWNEAE Aner nia fe. ee ea es 1323 . 69 30 
SUG WME AEN OLAMR Maas cia. 5 «os 1.18 .42 IGPATE 
Buckwheat middlings............ Seay? 123 LAs 
CA Mage Mon tenis Setemie s. . ONE 25 2, 52 
(OR GOI rato. Sie 0 ee 2 09 . 26 
Clover (red); green. ...4.5... Em ry: .46 aS . 48 
(CHOMP GEN ASE RAs i 52 1.038 noe 1.87 
POM OEAIN so doea ea cy «cla 1.,26 PSY / 37 
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Fertilizing Constituents in 100 Pounds of Various Matter 


: Phosphoric Potash 
Nitrogen Acid (P2O;) (K20) 
Corn fodder, with ears. at te . 40 . 29 1. 40 
Corn fodder, green, with ears... .16 seul £39 
(COS IONAC. > Sa LH . 38 1. 64 
(QOn SWAP) 08 cs he .14 Salil RO 
(Qouncais, 3). ee ok . 04 RAS 
(Coaiivesn) (iste As . 28 . 07 . 64 
(Soest, Sasol, (A 3.07 OZ 1.16 
Cottonseed meal................ 5,95 3.04 1.58 
Gittenpmenl sett. =... ee ee. Ase .33 .05 
Guano, Peruvian. . Wile AMY ae 7.00 14. 00 Poy, 20) 
Hominy HeS6., .. he 120 .98 .49 
[CADE S 7 @ ool Patera abe 12. 80 
lbunsecd! ie 4.68 1. 66 Deon 
IM Bike Qateity ite 2.97 are! 1.99 
IMT. KOOvnSs er Oo .19 .18 
Miliceskimimed.........5...... . 56 A) .19 
IMMDAG EN, 682 toe . 99 .41 32 
Nitrate-ompotash.............0.. 13. 09 Bes MSE ANS) 
UNGERAPEIONSOGA, ose eee ee 15.7 ae 5 ee 
Oehie zhi, 0500 1.47 . 69 48 
(ORT ISSN. oh oh .19 . 28 iE 
REG. yuoan 44 Nd ape eee 2.68 84 1.01 
Pea-vine straw . 68 #35 1.02 
POY aOS5. 0 5 ee! .16 al 
Potassium, muriate of, 80 per cent. ahs Ani Sve 700) 
Potassium, oe? of, 90 fog cent AS _ 49. 90 
Pumpkin..... al .16 . 09 
RICCI ae es 1,08 18 . 09 
IRUCOMIGHEME hos ce ee ea es .58 SLT 14 
[eelers (280 oho. Oe oe ee Hat . 29 . 24 
RRIGCWIONSMME Ey eke. da egy aon afl 
MWeoso pc dea One 1.58 . 86 .58 
IRAGS SUNG, 6.0 Sle 0 Ae ee - 46 . 28 3S) 
Rye bran.. 3 Re 1. 84 2. 28 1.40 
OVERCAME Oe iL). Mes es. 5. 30 1. 87 1.90 
SOV-DCAGESEIAW five. sues ees 1.41 oS Athi 
MIMO AV eb iitnck ce ee .44 .50 Ant 
WOBSPCOISIEMIS mem jasc... 1. 64 . 92 Doz 
ANORIOS... Onn hea .18 .10 .39 
Vinee. 2 2 ee 1. 63 ste 25D 
Wiheatabramegieicty ss: 4.002... 1.95 2.69 ik BY 
Wiheatimniddiings; 2)\.8....0..... 2.04 135 es 
. 06 PH ACG 


VNiowesit Sian? oo 
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ALFALFA 


Left—-WNotLimed 
Right-Limed 


LIME (CALCIUM) IS ONE OF THE MOST IMPORTANT INOR- 
GANIC CHEMICAL COMPOUNDS OF THE SOIL 


WEEDS 
Left— Not Zimed 
Right-Limed 


INFLUENCES GROWTH THROUGH ITS EFFECT ON THE SOIL 
AS WELL AS BY ITS USE BY PLANTS 
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Chapter XXX 


CALCIUM (LIME)— 
AN INDIRECT 
FERTILIZER 


Calcium (Lime) is an indirect fertilizer influencing growth 
through its effect on the soil as well as through its use by 
plants. 


Calcium is one of the most important inorganic chemical 
compounds of the soil. The most important calcium com- 
pound is the carbonate (CaCO;). Calcium is present also as 
nitrate, phosphate, sulphate and silicates. The carbonate of 
calcium is the commonly available form. 


Calcium carbonate is present in most soils ranging from per- 
haps 1 per cent to 40 per cent in some limestone soils. Gener- 
ally, soils which contain less than 1 per cent will not raise good 
crops. 

Soils high in organic matter, such as muck and peat, are gen- 
erally deficient in calcium carbonate, and so also are sand and 
clay soils. 


Some of the compounds of calcium are carbonate, oxide, 
hydroxide, phosphate, nitrate and sulphate. 
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Calcium carbonate, CaCO; is known as carbonate of lime. 
Ground limestone contains 40 per cent of calcium which is 
equivalent to 56 per cent of lime (CaO). The carbonate is the 
chief constituent of limestone, marble, shell-marl, shells, etc. 
Calcium carbonate is only slightly soluble in pure water. One 
of its important properties is in neutralizing acids. 


Ay x SKS 


VALUE OF LIME iLLUSTRATED—CORN PLOT UNLIMED 
N. J. State Exp. Sta. 


Calcium oxide, CaO, known as quicklime, burnt lime, caus- 
tic lime, stone-lime, lump-lime, building lime, etc., contains 
71.4 per cent of calcium. It is made by burning calcium car- 
bonate. 


Calcium carbide waste consists largely of calcium carbonate 
and hydrated or slaked lime. It can be used in liming soils, but 
should be exposed to the air for some weeks to permit all the 
acetylene gas to escape, before applying to the soil. 


Calcium Tol 


Calcium hydroxide, CaH,O,, known as slaked lime, hydrated 
lime, etc., contains 54 per cent calcium which is equal to 75 per 
cent calcium oxide or quick-lime and is practically quick-lime 
diluted with about one-third of its weight of water, which is 
chemically combined in the lime which appears to be dry. 


PLOT LIMED 


One bushel of quick-lime of good quality, on slaking, increases 
in bulk to two or three bushels of slaked lime, the weight per 
bushel decreasing about half. 

When quick-lime, or stone lime as it is also called, is exposed 
to the air, it gradually absorbs moisture from the air and 
slakes, forming a powder. 
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Action of Calcium in Soils.—Calcium compounds must be 
applied judiciously to improve the soil. In too large quantities 
their use may be injurious. Ground lime stone is the safest 
form in which to use lime, particularly if it is to be carelessly 
applied. 

Calcium compounds make available the insoluble plant-food 
compounds containing potassium or phosphorous. They also 
change the form of compounds that are detrimental to plant 
growth. This is particularly noticeable in crops requiring large 
amounts of potassium such as clover. 

Calcium compounds change insoluble phosphates into forms 
that can be more readily utilized by plants, particularly in 
soils rich in iron and aluminum compounds. 

Acid or “sour” soils are corrected by applications of cal- 
cium compounds such as slaked lime, quick-lime, or carbonate, 
but not by sulphate, which is known as gypsum or land plaster. 

Black alkali soils containing sodium carbonate are benefited 
by applications of calcium sulphate (land plaster), which changes 
the sodium carbonate into harmless calcium carbonate and 
sulphate of soda, less poisonous to plant than sodium carbonate. 

Calcium compounds in the soil increase the decomposition of 
organic matter in the soil, making it more quickly available 
for plant food. Too large or too frequent applications will 
cause decomposition of organic matter faster than it can be , 
used by the plants, resulting in loss from leaching. This ! 
danger is greatest on sandy soils. 

Calcium compounds, particularly the hydroxide and car- 
bonate are favorable to important soil organisms which do not 
thrive in the presence of acid. 

Calcium compounds are a preventive of the disease known 
as club-root or finger-and-toe disease in cabbage, turnips, etc., 
which occurs in acid soils. 
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Loss of Calcium.—Calcium carbonate is constantly carried 
away by soil water; it is removed by crops and occasional ad- 
dition must be applied to keep up soil fertility. 

Acids are formed by decaying vegetable matter in the soil 
and the soil becomes “‘sour’’ unless it contains sufficient calcium. 
Calcium also changes the insoluble aluminum and iron phos- 
phates into available tri-calcium phosphates. Phosphate may 
be unavailable temporarily in soils lacking calcium. 


Slaking Lime.—Lump-lime is usually slaked in piles on the 
field. About four gallons of water to each bushel of lime is 
slowly poured on each heap and the lime covered with fine 
earth. 

Twenty pound piles placed twenty feet apart make about 
one ton to the acre. Figuring in bushels, twenty-five heaps of 
quicklime of one bushel each, make about one ton. 

When spread, slaked lime should not be allowed to lie upon 
the surface over night, but be promptly worked in. Otherwise 
it will form lumps. 


Air slaked lime or hydrated lime is in a finely divided con- 
dition and does not produce injurious action on organic matter 
as does caustic lime, but caustic lime, on clay soil, will have a 
stronger effect in granulation of the soil. 

From one to two tons to the acre about every five years is 
all that most soils require and some not that. For light sandy 
soils, five hundred pounds, or.a little more, will probably be 
sufficient. 


Ground limestone is slower in its action than any of the 
preceding forms. It should be ground sufficiently fine to pass 
through a sieve having fifty meshes to the inch. It causes less 
destruction to organic matter in the soil than lime in any form. 
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Two tons to the acre every three or four years generally is all 
that will be required. 

To supply the amount of calcium contained in 100 pounds 
of pure lime (CaO) requires 130 pounds of slaked lime, 180 
pounds of carbonate or 310 pounds of gypsum. 

_ To supply the amount of calcium contained in one ton (2,000 
pounds) of pure lime requires 2,600 pounds of slaked lime, 
3,600 pounds of carbonate or 6,200 pounds of gypsum. 


Applying Calcium (Lime).—In applying lime, distribute it 
evenly and work it in, mixing as thoroughly as possible with the 
top three or four inches of the soil. Lime spreaders are made 
which do the work well and economically. 

Lime should be purchased only by weight, never by the 
bushel. The weight of a bushel may vary from 60 to 120 
pounds. 

Amount of and Frequency of Application of Calcium.—On 
poor soils or light, dry soils the amount of calcium compounds 
used should be relatively small, about 500 to 1,500 lbs. of 
quicklime per acre. This is equal to 700 to 2,000 lbs. slaked 
lime or 900 to 2,700 lbs. carbonate. 

On heavy clay soils—soils containing large amounts of or- 
ganic matter, applications may be made, varying from 1,000 
to 4,000 lbs. of quicklime per acre, or 1,300 to 5,000 lbs. slaked 
lime or 1,800 to 7,000 lbs. carbonate. But less usually is 
sufficient. See under Slaking Lime in previous paragraph. 

One liming should be sufficient for five years. Keep the soil 
supplied with vegetable matter in the meantime. 


Time for Application of Lime.—Autumn is the best time to 
apply caustic lime, such as quicklime or slaked lime, on land to 
be used for spring crops or on grass land. Applied before seed- 
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ing, the crop may be injured. Calcium carbonate can be used 
any time. If caustic lime is used in the spring, work it in 
thoroughly. 

Use caustic lime at least three weeks before stable manure or 
fertilizers containing ammonia and a longer time should elapse 
on light sandy soils. 

Calcium sulphate, gypsum or land plaster may be used with 
manure, but none of the other calcium compounds—that is, not 
immediately with the manure, preferably the applications of 
lime several weeks in advance of applying the manure. 


Calcium sulphate, calcium nitrate, calcium phosphate 
(known as land plaster), gypsum and sulphate of lime contain 
about 29 per cent calcium. 

Land plaster does not correct soil acidity as does lime. It 
serves to supply sulphur to the soil in a harmless form. It is 
applied at the rate of three or four hundred pounds to the acre. 
It is not a substitute for lime and is not now generally used. 


Notes on Application of Lime.—The rapid formation of ni- 
trates may exceed the ability of crops to use them, if too heavy 
applications of lime are made. The nitrates will, in such cases, 
be lost in drainage. Too much lime will cause the suspension 
of activities of nitrifying and decay bacteria, for a time. 

Calcium compounds used in sufficient quantity to make a 
soil ‘sweet”’ or neutral, encourage the disease known as potato- 
scab. 

Some crops, such as watermelon, cranberry, radish, black- 
berry, raspberry, blueberry, rhododendrons, azaleas, kalmias, 
etc., produce best results on acid soils and are unfavorably 
affected by calcium compounds. 

The extensive use of land plaster may result in making the 
soil acid. 
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Sandy and gravelly soils are made too open by the too liberal 
use of calcium compounds. 

Muck or peat soils are injured by a surface layer of calcium. 
Work it in deeply, mixing well in these soils. 


Iron phosphate, FePO, and aluminum phosphate, AIPO, 
are insoluble in water. Iron or aluminum compounds, such as 
oxides, present in the soil in large amounts, act upon soluble 
calcium phosphate that may be applied, converting it into 
insoluble phosphate of iron or aluminum, causing the loss of the 
soluble phosphate for use by the present crop. This can be pre- 
vented by keeping the soil well limed. The calcium carbonate 
changes the insoluble phosphates into tri-calcium phosphate, 
which is more readily available. 
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Chapter XXXI 


NITROGEN 


Nitrogen is present in atmospheric nitrogen, in the ammonia of 
animal and vegetable matter and in nitrate. About four-fifths 
of the air is nitrogen. 

Ammonia contains fourteen parts by weight of nitrogen, 
combined with three parts by weight of hydrogen. Ammonia 
is produced when vegetable or animal matter undergoes decom- 
position. 

Some plants utilize nitrogen from ammonium compounds in 
the soil, but usually the nitrogen of ammonia is changed into 
the form of nitrate in the soil, before plants can utilize it. 

Nitrogen is one of the elements of the soil most largely used 
by growing crops. 


Nitrogen compounds form an important part of the proto- 
plasm of plants—the living part of plant cells. Therefore no 
other element so quickly benefits plant growth when properly 
used. The effect of nitrogen is quickly shown in the increased 
growth of and color of the foliage—floriferousness—more in- 
tense color of fruit, health of plants, etc. In cereals it increases 
the plumpness of the grain, but it will be lighter in weight than 
grain produced with less nitrogen. 

As leaves are an important working, breathing, digesting 
part of the plant, the importance of good leaf growth can be 
understood. In many crops, such as grasses, clovers, cabbage, 
lettuce, etc., the leaves themselves constitute the crop. Nitro- 
gen encourages leaf growth. 
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Too much nitrogen will cause plants to run to stem and 
foliage, instead of flowers and fruit, and to become soft and 
watery. On tomatoes it should be used lightly just after flow- 
ering, when the fruit has first formed. 


‘Nitrogen Must Be Used Cautiously.—Nitrogen delays ma- 
turity and if applied in too large quantities or too late in the 
season to some plants, such as fruit trees, may encourage 
growth at a season when the plants should be hardening their 
wood. Unseasonable growth causes damage from frost and 
causes the trees to winter badly. Nitrogen increases the pro- 
portion of.straw to grain, but too much nitrogen weakens the 
straw, causing the grain to lodge badly. It may lessen the 
shipping quality of fruits and vegetables. 


Crops in which tenderness and crispness is desirable, such as 
asparagus, celery, lettuce, etc.,—this result can be obtained by 
the liberal use of nitrogen. 


Crops that-are. to be stored and kept for future use should 
have less nitrogen than those for immediate use. Excessive use 
of nitrogen makes plants less resistant to attacks of insects and 
disease. 


The effect of nitrogen in increasing the foliage of plants is to 
increase the amount of other plant-foods such as potassium and 
phosphorus that plants can use. This fact should be consid- 
ered in purchasing or using fertilizing material. 


Lack of nitrogen causes a stunted, sickly plant growth. 
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Drainage water removes nitrogen, on an average, from cul- 
tivated soils, of twenty-five to fifty pounds or more per acre 
annually. Crops remove about an equal quantity, so the 

_ necessity of keeping the soil supplied with nitrates is plain. 


When to Use Nitrogen.— Where the soil is in good physical 
condition and the crop has plenty of sunshine and rain, but not 
excessive rains, but the plant leaves or stems are pale in color 
and the growth weak, it is an indication of a want of nitrogen. 
Excessive rains and wet soil may wash out the nitrogen and 
delay nitrification, causing the same effect. Disease or insects 
also may be the cause of the difficulty or dry weather may make 
it impossible for the plants to obtain sufficient food. An appli- 
cation of sodium nitrate in these cases will quickly produce a 
decided improvement in the plants. 

Unusually low growth of plants, light green color of foliage 
or stem and soil occupied by daisies and sone indicates lack of 
nitrogen. 

Often where plants are in good condition and growing well, 
more nitrogen may possibly be used to advantage. 

An excess of nitrogen, as previously stated, may cause a too 
abundant and rapid growth of leaves and stalks at the sacrifice 
of bud, flower and fruit; the large growth of straw and small 
yield of grain, an overgrowth of tops with few and small tubers 
or roots on crops such as potatoes, turnips, etc. Celery, let- 
tuce, asparagus, etc., on the other hand, rarely have too much 
nitrogen. 
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Average Number of Pounds of Nitrogen 
in a Ton of Various Fertilizing Material 


Stable Manure. ....203-2- ee 10 
IBONEWTAW = fc ns ee ee 60 to 80 
Tankage, general range....... 80 to 200 
Fish, dried and ground....... 120 to 180 
iBlood died; black] sas sa. 120 to 240 
Cottonseed meal............. 140 to 160 
Tankage, concentrated....... 200 to 240 
Hoofs and horns............. 200 to 300 
MGAtISCTADS ......c ae ee 260 to 280 
teed, dried;red... 72 Baie 260 to 300 
iNatrate- of Soda... <.. sear 300 to 320 
Calcium Nitrate... 22, shga0e 320 
Sulphate of Ammonia........ 400 
meunasal peter: ..05 sa ee 520 


Wreav BASE Uy. 2 eee eee 920 
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NITROGEN SOURCES 
eFrHOSPHATES 


Nitrate nitrogen is offered commercially as sodium nitrate or 
nitrate of soda, lime or calcium nitrate, potassium nitrate, urea, 
leunasalpeter, etc. These are soluble in water and the nitrogen 
is used by plants immediately. Owing to its solubility, rain 
water washes nitrates down into the soil below the plant roots, 
- and in some cases removes it entirely in the drainage water. 
Nitrates should therefore be applied in small quantities during 
the growing season, to prevent waste. 


Sodium Nitrate.—Nitrate of soda is one of the principal 
sources of inorganic nitrogen of commercial fertilizers. The 
crude salts are found in northern Chili and are purified by 
crystallization. It contains about 96 per cent sodium nitrate, 
or about 16 per cent of nitrogen. 

Sodium nitrate, calcium nitrate, and urea act quickly and 
are largely used on this account by market gardeners and where 
a rapid growth is desired. They are the most active forms of 
nitrogen. 

A light dressing on meadowland or lawns, in early spring, 
will greatly assist growth. 

Continued use or too abundant use of sodium nitrate may 
compact and injure the soil structure. 


Ammonium Compounds.—Ammonium sulphate is readily 
soluble in water. Some plants use ammonia nitrogen directly. 
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Ammonia nitrogen is quickly changed in the soil to nitrate. Its 
action is slower but lasts longer than nitrate nitrogen and is used 
where it is desired to extend the effect over a longer period. It 
is not so quickly removed from the soil by drainage as is sodium 
nitrate, as ammonium salts are absorbed by the soil, while 
nitrate is not absorbed in large quantities. Ammonium sulphate 
contains about twenty per cent of nitrogen and therefore has 
from sixty to eighty pounds more nitrogen to the ton than 
sodium nitrate. 

Liberal and continued use of ammonium sulphate has a 
tendency to produce acid or to make soils sour. Lime is used 
to correct this condition. 

Ammonium sulphate, like sodium nitrate should be applied 
where the crop is growing and not when the land is to remain 
idle. 


Ammonium nitrate is too high in price for general use as a 
fertilizer. It is rich in available nitrogen, containing about 
thirty per cent of nitrogen. 


Potassium nitrate is another form of fertilizer, too costly for 
general use, but valuable for special purposes, at times for use 
by florists or greenhouse crops. It contains 13 per cent of 
nitrogen and 36.5 per cent potassium, equal to 44 per cent 
potash. 


Calcium nitrate or lime-nitrate is prepared from atmospheric 
nitrogen. Calcium is combined with nitric acid, containing 
about 12 to 14 per cent of nitrogen. The bulk of this material 
now in the market comes from Germany. 

Cyanamid.—Cyanamid is a trade name. The chemical com- 
pound is cyanamide. It is made from atmospheric nitrogen 
combined with calcium. Calcium cyanamide must be decom- — 
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posed in the soil before its nitrogen changes into ammonia, 
which in turn changes into nitrate before it can become avail- 
able for plant food. 

This fertilizer is a black, granulated material, with quite an 
odor. In wet or acid soils injurious products are likely to be 
formed by the use of cyanamid and it does not seem suitable 
for sandy soils. When used, it should be incorporated with the 
soil, a week before planting. 

Up to the present time cyanamid has not given generally 
satisfactory results as a fertilizer. 

Cyanamid is slower in action than ammonium sulphate, 
which is slower than nitrate nitrogen. 

It is claimed that under some conditions, calcium cyanamid 
forms dicyanamid in the soil, which has a poisonous effect on 
plants. 


Organic nitrogen includes vegetable and animal material. 
These must undergo bacterial decomposition, changing the 
organic nitrogen into ammonia, which in turn is changed into 
nitrate nitrogen. Urea, an air nitrate, is classed as organic 
nitrogen. 


Commercial organic nitrogen may be had in the form of 
urea, a granular salt, made from nitrogen of the air, dried 
blood, ground fish, cottonseed meal, tankage, bone in various 
forms, horn and hoof meal and various forms of so-called 
“humus,” which is dried muck or peat. An excellent form of 
this material is imported from Europe and is offered as Im- 
ported Granulated Peat Moss. It seems to be partially de- 
cayed, dried moss of considerable age, finely granulated 


Cottonseed-meal contains about 7 per cent nitrogen, 1.3 
per cent phosphorous equal to 3 per cent phosphoric acid and 
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1.65 per cent potassium equal to 2 per cent of potash. If mixed 
with cottonseed hulls, the percentage will be lower. Cotton- 
seed meal is also used as a cattle food. 


Castor-bean pomace contains about 5.5 per cent nitrogen, 
0.9 per cent phosphorous equal to 2 per cent of phosphoric 
acid and 0.8 per cent potassium equal to 1 per cent of potash. 


Tobacco Waste, including stems, stalks and dust, vary con- 
siderably in composition and are best used when ground fine. 
Tobacco waste contains from 2 to 4 per cent nitrogen, 0.5 to 1 
per cent phosphoric acid and 5 to 10 per cent potash. 

The insecticidal value of tobacco makes it especially valu- 
able for greenhouse crops and small fruit. Apple growers in 
tobacco regions use tobacco stems to advantage, as a fertilizer 
around apple trees. 


Dried Blood is dried and ground by meat-packers. Red dried 
blood is considered better than black, containing about 13 per 
cent of nitrogen, while black averages from 6 to 10 per cent 
with 3 to 4 per cent of phosphoric acid. 


Dried Meat is offered under the name of ammonite and other 
trade names. It is the soft parts of animals not suitable for 
food, averaging about 10 per cent of nitrogen and 1.40 per cent 
of phosphoric acid. 


Tankage consists of animal refuse of all kinds that cannot 
be used for other purposes, including intestines, hair, tendons, 
hoofs, etc. The fat is removed and the remaining material 
dried and ground. The composition of tankage varies greatly 
and the manufacturer’s guarantee, as in all fertilizing mate- 
rial, should be carefully considered. Usually the analysis will 
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show 6.5 per cent nitrogen and 4 of phosphorous, equal to 9 
per cent of phosphoric acid. 


Fish.—Fish scraps, dried fish, ground fish, etc., averages 6 
to 8 per cent nitrogen and 2.25 to 4 per cent of phosphorous, 
equal to 5 to 9 per cent phosphoric acid. 


Hoof-meal—Horn-dust contain 10 to 15 per cent nitrogen 
and 0.9 per cent phosphorous, equal to 2 per cent of phosphoric 
acid. 


Garbage-tankage varies greatly, containing from 2.5 per cent 
of nitrogen, phosphorous equal to 1.5 to 3 per cent, phosphoric 
acid 0.6 to 1.25 per cent, potassium equal to 0.7 to 1.5 per 
cent potash. It is low in fertilizing value and should be pur- 
chased only on a guaranteed analysis and only then when 
offered at what the analysis shows it to be worth. 


Leather meal, wool and hair waste contain nitrogen, but 
have little value. They must decay before becoming available. 
They are practically worthless as fertilizing materials and are 
not recommended in any form. 


Guano is principally the excrement of sea fowl. The compo- 
sition varies greatly depending on the region where it is found 
and whether from the surface or at a depth. That from arid 
regions contains nitrogen, phosphorous and potassium. That 
from a section where it has been washed by rains, may contain 
oaly phosphorus. This plant food is immediately soluble. 

Good Peruvian guano is an excellent fertilizer. It was once 
plentiful but seems to have become exhausted. Some fresh 
material comes to the market now containing 5 to 8 per cent 
nitrogen. 


All organic fertilizers should be used before the crop is 
planted, with the exception of urea. 
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Pulverized sheep, cattle, pig and hen manure are offered 
commercially and their contents as shown in the table below: 


Pulverized Animal Manures. 


Equal to 
Phos- Phos- Potas- Equal to 
Pulverized Nitrogen phorus phoric sium Potash 
Manure Per Cent | Per Cent Acid Per Cent | Per Cent 
Per Cent 
Sheep manure. .. 2550 0. 65 150 . 25 1.50 
Pig manure...... Noes 0.75 1.75 0. 85 1.00 
Cattle manure... 1.34 0. 40 0.90 0.70 0.85 
Poultry manure. . een 1.18 hs Gf 1.07 Lie 


Availability of Fertilizer Nitrogen.—Numerous experiments 
have been made at different Agricultural Experiment Stations 
to determine the relative availability of the nitrogen in various 
fertilizers, using nitrate of soda as a standard, giving it a stand- 
ing of 100 per cent. Here are the results, quoting the lowest 
and highest figures: See definition of Available Plant Food 
on page 196. 


Availability of Fertilizer Nitrogen 


Per Cent 
Nitrate’of sodas. ccc. ie. cee eben tee ogee oe ee 100 
Calenum mitrateyy sooo. bc Ce eee 100 
LITO eee OR epaSihe Sinve whe bars. ca wei medincd at Moat ee 100 
Sulphate of ammonias vo... ce ee oe re ol 70-90 
Drredibloodisey emer cel as ck tis cda lok 0 | 64-70 
Bonenmealls oe espe cg teyapdieys eco ene!d ois eugue seuss ods Gedl tne Seana 17-60 
Stabletmanire:?.. 2 ee Se ee eet 45-53 
Wankagewn. 2). sien os 2 ene On 4 49 
Hornand, hoof: meal). (64.0 5...... eds Gao een 68-70 
Tinseedumeal! se. 5c. Sas eo ale oe eat ae OO 69 
G@ottonseed meal... 30.6 65 
@astorspomace. cela | ca x ile ee leis Sn nee 65 
Driedi ground fishy.) sis. dagny.s » wets eahed eed screech ae 64 
Wool'waste.... 0... oaei ss ee eee Se noel ee 30 
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Acid phosphate is the term generally applied to soluble 
phosphate made by treating rock-phosphate with sulphuric 
acid. 

Most acid phosphate contains about 6 per cent of phosphorus, 
equal to 14 per cent of phosphoric acid, but some brands run as 
low as 4 to 5 per cent. 

Only the analysis is to be relied upon in purchasing acid 
phosphate. Trade names such as soluble bone, dissolved bone 
and phosphate have no exact reference as to what the material 
contains or is made from. 


Superphosphate made from bone always includes nitrogen in 
the guaranteed analysis. Where only phosphoric acid is given, 
the material is acid phosphate. 


Phosphorus hastens maturity, so it is valuable in wet seasons. 
It increases root development, so it is valuable in dry seasons 
and in soils where root growth is difficult. Phosphorus de- 
creases the ratio of straw to grain and strengthens the straw; it 
improves vegetables and grass and makes plants more resistant 
to disease. Excessive quantities, ordinarily have no bad 
effects. This does not mean the recommendation of excessive 
quantities of this or of any fertilizer. 

Acid phosphate is directly absorbed by plant roots and is the 
source of quickly available phosphorous for agricultural pur- 
poses. 


Floats, a form of insoluble phosphate is composed of finely 
ground phosphate rock. It should be extremely finely ground, 
in which condition it is used on muck soils that are quite acid, 
giving good results. 


Basic-slag, also called Thomas’ phosphate powder, is a by- 
product of steel from iron ores containing considerable phos- 
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phorous compounds. It is a heavy, black powder of a fineness 
to pass through a sieve with meshes one-hundredth of an inch , 
in size. Most of this material is imported from England as 
American iron ores do not contain phosphorous enough to 
make a rich enough slag for fertilizing purposes. It gives good 
results on acid soils and particularly on wet soils. 

Basic slag contains calcium, magnesium and other minerals. 
It is particularly valuable on peat soils and soils deficient in 
lime. 
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Chapter XX XIII 


PO'T ASH 


Potash is required for starch formation in plants. It is a 
necessary component of chlorophyl, on which the life of plants 
largely depends. Chlorophyl (meaning “‘leaf green’’) is the light 
process, only vaguely understood by scientists, whereby leaves 
of plants convert crude plant foods into definite plant nourish- 
ment. 


Potash produces plump and heavy seed and imparts vigor 
to the plant, and it has a tendency to overcome the ill effects 
of too much nitrogen. Excess of potash in the soil does not 
seem to harm crops. 


Potassium is required in plant nutrition for the development 
of the leaves and woody parts of stems, which contain larger 
amounts of potassium than other portions of the plant. When 
deficient, the stems are weak and brittle. 


Potassium compounds are necessary to enable plants to de- 
velop fleshy portions of the fruit, and to keep the plant cells 
turgid or swollen. They are associated with protoplasm ac- 
tivity. 

Potassium compounds are required to enable plants to bet- 
ter withstand the attacks of fungous diseases. 


Action on Plants.—Potash is most abundant in the young, 
growing parts of plants. 
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Potassium compounds are necessary to enable plants to pro- 
duce sugar, starch, cellulose and other carbohydrates, enabling 
the plants to combine carbon, hydrogen and oxygen supplied 
by carbon dioxide and water. 

Potassium is supposed also to enable plants to transfer starch 
from one part of the plant to another. 

Starch is first formed in the leaf and is insoluble. It is changed 
in the plant-cells into a soluble form, so it can pass through 
the walls of the cells, finally being carried to fruit or seed, 
where it again changes into an insoluble form. 

Calcium and potash are necessary to assist plants in this 
operation. 

Potassium, like nitrate, in excessive quantities tends to pro- 
long the season of growth and thus delays the maturing of the 
crop. Potassium compounds produce a favorable effect on 
legumes, probably by promoting the growth of bacteria by 
furnishing them more abundant supplies of carbohydrates. 


That potassium is needed is indicated by brittleness in 
stalks and leaves. Unfavorable appearances in crops may be 
due to temporary conditions which will correct themselves, 
such as bad weather. Disease may be a cause, and possibly 
the application of a proper plant food may overcome the cause 
of the disease. If insects are the source of trouble, these will 
have to be taken care of. 


Where potassium is present in sufficient amounts, fruits of 
fine color, texture and flavor are produced. 


Sandy, gravelly, muck and peat soils are likely to require 
potassium and phosphorous. 


The ash of plants contains more potassium than any other 
mineral element—averaging about one-third. Potassium is 
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always found combined with other minerals and it is every- 
where present in the soil, to some extent at least. 


The Latin name for potash is kalium, for which reason K 
is used as the chemical symbol. 


When wood or other vegetable matter is burned, potassium 
carbonate remains in the ash. In early times potash was ob- 
tained by “‘washing’’ wood ashes, dissolving the potassium 
carbonate forming lye which was largely used in making soap 
at home. The lye, when dried, was sold as potash, as it was 
recovered from pots by boiling off the water. 


Potash is contained in most soils in soluble forms which 
include sulphate, muriate, nitrate, phosphate and carbonate, 
also some insoluble forms. The amount varies from 1 to 3 
per cent, not much of which may be available. 

The percentage of potassium given in soil analysis is gener- 
ally the acid-soluble, which is the available, but only a part of 
the potassium content. 

Good agricultural soil usually contains not less than 0.2 
per cent and up to 3 per cent or more of potash. Clay soils 
generally contain maximum amounts, while sandy soil, muck 
and peat are deficient. 

Alkali soils usually run very high in potassium in the forms 
of sulphate, muriate and carbonate. 

Very little potassium is removed from the soil by drainage. 
Crops are what take potassium from the soil. 


Potassium is offered in three forms; as potassium chloride, 
potassium sulphate and as kainit. Potassium chloride is in- 
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jurious to some crops such as potatoes, tobacco, sugar beets 
and some others, the sulphate in such cases being preferable. 
Kainit has the same effect as potassium chloride. It contains 
from ten to twenty per cent potash and from twenty-five to 
forty-five per cent sodium chloride, also chloride and sulphate 
of magnesium. 


Apply kainit before the crop is planted and never use it in 
the drills with seed. 


High-grade potassium sulphate contains from forty-five to 
fifty per cent potash. 


Potassium carbonate in its commercial form is a dry pow- 
der, easily soluble and strongly alkaline, 93 to 98 per cent 
pure, containing about 52 per cent of potassium, equal to 
63 to 66 per cent of potash. It is largely used in growing 
tobacco. 


Formerly the potassium carbonate used for fertilizing pur- 
poses was obtained from wood ashes. 


Potassium carbonate, if used in excess, will cause defloccula- 
tion, breaking up the crumb structure of the soil. 


Potassium chloride is commonly called muriate of potash 
and is the form most generally used in mixed fertilizers. There 
are several grades on the market, containing as follows: 


No. 1 36.5-39.3 per cent of potassium, equal to 44.0-47.0 per cent of potash 


No. 2 42.0-44.5 € “ 50.5-53.5 
No. 3 47.0-50.0 wy “3 “ “ “ 57.0-60.0 « « “ 
No. 4 51.5 & Ms ss “« “« 62.0 « «“ “ 


Potassium sulphate, or sulphate of potash, contains from 90 to 
96 per cent of pure potassium sulphate, equal to 48.5 to 52 
per cent potash. 
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Potassium nitrate, or nitrate of potash, niter and saltpeter, 
contain 38.6 per cent of potassium, equivalent to 46.6 per 
cent of potash. This is a particularly valuable form of ferti- 
lizer, being in the nitrate form and therefore should be applied 
while the crop is growing. It is coming into this country now 
from Norway, and when it is to be had at a reasonable price, 


INCREASED 
POTATO YIELDS 
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ACID PHOSPHATE AND SULPHATE OF POTASH 
Greatly increase potato yields as shown by actual results 


is a very effective fertilizer for many crops, particularly valu- 
able for florists’ use. 


Potash and magnesium sulphate, or double potash manure 
salts, contain about 40 per cent of potassium sulphate, equal 
to 18 per cent of potassium, or 22 per cent of potash and 30: 
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per cent of magnesium sulphate. It is used chiefly for fruits 
and tobacco. 


Potash Manure Salts.—This is low grade potassium chloride, 
‘averaging from 16.5 to 33 per cent potassium, equal to 20 to 
40 per cent potash; it also contains common salt, sulphate and 
chloride of magnesium and other compounds 


Potassium-magnesium carbonate contains 35 to 40 per cent 
of potassium carbonate, equal to about 20 to 22 per cent of 
potassium, or 24 to 27 per cent potash and from 24 to 27 per 
cent of magnesium carbonate. 


Kainit, as offered commercially, contains 12.5 per cent of 
potash, the remainder consisting of magnesia compounds and 
common salt. It is produced by the German Potash Syndicate 
and is recommended by the producers, for crops and soils on 
which muriate of potash can be used. One hundred pounds 
per acre drilled in with corn, it is said, will keep away cut- 
worms and _root lice. 


On swamps or muck land up to four hundred pounds of 
kainit may be used per acre, and it may be applied in the © 
autumn without danger of leaching. 


Wood ashes are obtainable, coming to this market from 
Canada, as unleached hard wood ashes, containing about five 
per cent potash, two per cent phosphoric acid and thirty per 
cent lime. Leached wood ashes, ashes that have been exposed | 
to the weather, contain very much less. Purchase only under 
a definite guarantee. 
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Kelp.—tThe kelp of the Pacific coast, when dried, may con- 
tain as much as 275 to 300 pounds of potassium to the ton, 
equal to 325 to 357 pounds of potash. 


Potash becomes moist when exposed to dampness and 
should be kept in a dry place. 
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SETTING PLANTS 
With horse drawn machine plant setter. 
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Chapter XXXIV 


fee FERTILIZING 
ACTION OF OTHER 
CHEMICALS 


Magnesium.—The action of magnesium in plants is not very 
well understood, but it is known that it is indispensable. It is 
found in the flowers, fruits and seeds and in roots and tubers 
to a greater extent ‘than calcium. Calcium exceeds it in the 
stems, leaves, new wood and straw. Magnesium is a constitu- 
ent of chlorophyl and is associated with nitrogen compounds 
in the protoplasms. 


Magnesium may, however, act as a poison to plants unless 
associated with calcium. 


In chemical action magnesium and its compounds closely 
resemble that of calcium, though magnesium compounds are 
_ not generally used for fertilizing purposes. 


Like potassium, magnesium is present in all agricultural 
soils in varying amounts. 


Carbonate and sulphate of magnesium have been used in a 
limited way as indirect fertilizers. Their action is like cal- 
cium, in changing unavailable into available potassium. Kai- 
nit contains considerable magnesium phosphate. 
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Sulphur.—Plants contain sulphur in small amounts. Soils quite 
generally contain sufficient sulphur compounds to supply the 
needs of crops. Sulphur compounds are changed into sulphuric 
acid in which form plants are able to utilize them. 


The compounds of sulphur include potassium sulphate,sodium 
sulphate, calcium sulphate,ammonium sulphate and magnesium 
_ salphate; the percentage of sulphur in these compounds varying 
from 18 to 26 per cent. 


Sodium sulphate or sulphate of soda is the white alkali of arid 
regions. In large amounts in the soil it is poisonous to plants. 
It is sulphur which imparts the odor to turnips, cabbage, etc. 


Iron is used in very small amounts by plants. Without 
iron, plants develop no green color whether they have direct 
sunlight or not, nor can chlorophyl be formed without it and 
therefore no plant growth. Sometimes shoots develop so 
quickly that iron compounds do not reach them, resulting in 
white stem and leaves, often seen in geraniums grown in 
greenhouses or conservatories where the temperature is high 
with insufficient ventilation. Greenhouse workers sometimes 
try to propagate these white shoots by making cuttings and 
inserting them in a propagating bed, but they never form 
roots. 


Agricultural soils contain all the iron needed by plants, so 
this element need not be considered in fertilizing operations. 


Sodium occurs as sodium chloride in soils and its action is 
similar to chlorine. Sodium carbonate causes the black alkali 
in soils in arid sections, the action of the alkali on the organic — 
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matter in the soil producing the dark color. Sodium nitrate 
is the most important compound of sodium, for fertilizing, 
and its value is due to the nitrate. Sodium is of small import- 
ance as a plant food, but assists in chemical changes which 
take place in the soil and may aid in nitrification. 


Chlorine compounds are present in practically all soils and 
plants. Common salt is sodium chloride and in England is 
used in considerable quantities on soils containing chalk—as 
much of the soil there does. 


Salt is of doubtful use as a fertilizer. It is somewhat used 
to lessen the amount of potash used by root crops. In light 
soils it tends to hold moisture and aid capillary attraction. 
Kainit contains a liberal percentage of salt. 


Salt must be used cautiously and experimentally before ap- 
plying to any extent, or more harm than good may result. 
About 200 pounds;to the acre is the usual application which 
should be given in the autumn or several weeks before any 
planting is done. 


Cn clay soils, sodium chloride (salt) liberates certain plant 
nutrients, including calcium, magnesium, potassium and phos- 
phorous. The structure of the soil is improved by light applica- 
tions of sodium chloride as it is by lime, but not to the same 
extent. The movement of water from below is increased. 
Some crops are injured by the use of salt. 


Silicon is the most abundant element in the earth’s surface. 
It is a constituent of rocks and soils formed from rocks, both 
sand and clay. Silica predominates in sand. Silica is found | 
in a number of compounds. Silicate of soda or ‘‘water-glass”’ 
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is used for preserving eggs. Pure clay is hydrated aluminum 
silicate. Just what use plants make of silicon is in doubt at 
the present time. 


Carbon is an important factor in all plant and animal life 
and is the principal element of plants. 

Plants obtain needed carbon from the carbon dioxide of the 
air, through the leaves. The soil, however, contains also carbon 
and plants may obtain some carbon from the soil. When 
wood is heated or partially burned, the elements which com- 
pose it are driven off in the form of gases and charcoal remains. 
The charcoal is carbon and when heated to a higher point, 
also burns up, almost completely. If the wood, during the 
course of years, had completely decayed, it would have given 
off as much heat in the process of decay as though it had been 
set on fire and burned. 

The heat given off from burning vegetable matter is equal 
to the heat absorbed by the plant from the sun. 

The humus of soils is organic matter, partially decomposed, 
the carbon remaining, which gives rich soils their dark color. 
A soil may, however, be quite fertile and not be dark or black. 

Carbon dioxide, CO2, carbonic acid gas, contains 27.3 per 
cent carbon and 72.7 per cent oxygen. The breath of animals, 
burning of fuel, and decay all produce carbonic acid gas and 
as this is consumed by plants through the aid of sunlight, 
plants are not only not injurious but a benefit to health, when 
properly kept in living rooms. The carbon dioxide in soil water 
aids in dissolving the mineral plant food, making it available 
for plant use. 


Oxygen forms a large part of the earth’s surface, about one- 
‘half being oxygen. It forms one-fifth part of the air, all but 
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about one-ninth part of water, one-half or more of all vegetable 
and one-third or more of all animal matter. 


Oxygen used by plants is largely from water in the soil, 
though the soil also must contain free oxygen to support plant 
life. Seeds will not germinate in soil containing no oxygen. 
Oxygen is required in the soil for the support of micro-or- 
ganisms and to produce chemical changes in the soil con- 
stituents. 


Hydrogen constitutes about six per cent of the dry matter 
of plants and is a constituent of all acids. Plants and animals 
contain hydrogen in different organic compounds. Water con- 
tains one-ninth of its weight in hydrogen. 


Plants obtain the needed supply of hydrogen from water.. 
Within plants, water is separated into hydrogen and oxygen 
which are built up into compounds, according to the nature 
of the plant. 


Organic matter is one of the most important agricultural 
constituents of the soil. It is not only a source of plant food, 
but makes available insoluble mineral plant foods and im- 
proves the physical condition of the soil. 


Without sufficient organic matter in the soil, commercial 
fertilizers might be applied liberally without any considerable 
effect upon the crop. In fact, in such cases, commercial fertiliz- 
ers may do more harm than good. 


Muck has the effect of organic matter, making heavy clay 
soils lighter and more porous and binding the particles of 
sandy soil, increasing its water holding capacity. 
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When used to improve the texture of the soil, heavy applica- 
tions of muck should be given, varying in weight according to 
the water content. 

Muck is used as a filter in some commercial fertilizers. 
Farmers having muck available and land that may be im- 
proved by its use, should use it, applying it when there is 
spare time for the operation. 
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Chapter XXXV 


GREEN CROP 
MANURES—INDIRECT 
FERTILIZERS 


Green crops when plowed under, supply a large amount of 
organic matter to the soil at comparatively small cost. The 
land is kept covered by growing the green crop, which pre- 
vents erosion and loss of nitrates in the drainage water—es- 
pecially in the summer. months. Leguminous crops may add 
as much as one hundred and fifty pounds of nitrogen per acre. 
In addition to this, deeply penetrating roots bring up phos- 
phorous and potassium near the surface where the green crop 
decomposes, so that it can be used by following crops. 


Green crop manures act as cover crops, taking up soluble 
plant food, preventing it from being lost in leaching. Crops 
with long roots penetrate and open up the subsoil and bring 
up plant food which is deposited in the top soil when the crop 
is turned under, for the use of the following crop.. The organic 
matter is added, turning into humus and aiding the beneficial 
and necessary bacteria, and in turn the bacteria supply in- 
creased food material for the next crop. If the green crop is a 
egume considerable nitrate is added. 
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Good drainage and proper aeration are necessary for best 
results from green manure. 


Of the legumes, cowpea, crimson clover, red clover, white 
clover, alsike clover, sweet clover, alfalfa, hairy vetch, soy 
bean, vetch, peanut, Canada field ‘pea and velvet beans are 
commonly used for green manure. 


Legumes sometimes require several years to establish a 
good crop and where quick results are wanted, the non-legumes 
are the most dependable. 


By sowing oats and peas, quick results will be obtained with 
the advantage of a partial crop of a legume. 


Green crop manures, green manures and cover crops are 
terms used synonymously. They usually occupy the land 
only a part of the growing season to protect the soil and keep 
it covered. They are then plowed under to decay and improve 
the soil by adding organic matter. 


For green manures, leguminous crops should be used where 
possible, selecting the one best suited to conditions, soil, cli- 
mate, etc. Some are annuals, maturing from seed in one 
year; some are biennials, living two years and some are peren- 
‘“nials, living on from year to year. Some thrive best in the 
warm weather of summer and others flourish in the cool weather 
of early spring or late autumn. 


Bears) cowpeas, field peas, vetch, soy beans and peanuts 
are summer annuals. Hairy vetch, crimson clover are win- 
ter annuals and in the South, vetch and field peas are used as 
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winter annuals. Crimson clover cannot be grown successfully 
as far north as Northern New Jersey. 

Sweet clover is biennial. Red clover is also treated as a 
biennial. 

Mammoth clover, alsike and white clover and alfalfa are 
perennial. 
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OATS SOON TO BE PLOWED UNDER FOR SOIL IMPROVEMENT 
N. J. State Exp. Sta. 


Clovers, including alfalfa, start slowly at first and are un- 
suitable where quick results are wanted. The clovers are deep 
rooted, penetrating the subsoil where the roots decay, opening 
up the subsoil so that air and water may enter, adding con- 
siderable organic matter, in addition to the nitrogen added to 
the upper surface. 
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‘In addition to legumes which add nitrogen to the soil, other 
crops which consume nitrogen are used as green manures, in- 
cluding rye, wheat, buckwheat, oats, barley, rape, turnip and 
mangels. 

It is sometimes advisable to mix legumes with non-legumes 
to insure a better stand, including crops which grow at the 
same time. In Southern New Jersey, for example, sixty pounds 
of rye, twenty pounds of winter vetch and ten pounds of crim- 
son clover give excellent results. In Northern New Jersey 
-vetch and rye are used. 


Caution must be exercised in green manuring in regions 
where the rainfall is light as available moisture needed by the 
succeeding crop may be exhausted in the decay of the green 
matter in the soil, leaving the soil light and open and the 
growing crop will suffer in consequence. It cannot be used 
in dry regions without irrigation. The vegetable matter decays 
slowly in dry soil and will leave air spaces, causing loss of water 
by evaporation. 


Leguminous crops require ample supplies of calcium, phos- 
phorous and potassium, with a little nitrate, particularly on 
poor soils and ample organic matter such as farm manure. 


Lime is needed on land where any kind of green manures 
are turned under, as the decay of the plants produces acid or 
makes the, soil ‘‘sour.’’ The lime may be applied before the 


seeding or after: the crop is turned under. 


Plowing Under.—Green crops are usually plowed under 
when they have attained their maximum growth. In humid . 
sections this will be when the rainfall is ample to hasten decay. 
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In any case they should be plowed under while still green and 
full of moisture, as they decay quickly when in this condition. 
Crops that become hard and dry remain in the soil a long time 


TURNING UNDER A GREEN CROP 
ULSD. A. 


before decaying, drying out the soil. The result is the same 
when plowed under in dry soil. In the autumn, when the 
weather is cool, followed by autumn rains, is a good time. 


In plowing under green crops, instead of turning the soil 
completely over, turn it only partly over against the next fur- 
‘row. If turned completely over, the green crop will not be so 
thoroughly mixed with the soil. Turned completely over the 
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mass of plants is likely to cut off capillary and it may take 
considerable time to overcome this condition. 


If crops sown in the autumn are to be planted on land where 
green crops have been turned in, five or six weeks should elapse 
before planting, using the disk harrow frequently in the mean- 
time and also compacting the soil with a cultipactor or in 
some other manner. 


Some crops immediately following leguminous green manures 
may be affected unfavorably. The organic nitrogen in the soil 
may be so considerable that if moist, hot weather prevails, the 
nitrogen may encourage abnormal growth of stems and leaves 
and the yield of fruit will be decreased, the straw may be 
long, soft and lodge badly. 


It is almost impossible in agriculture to give any exact rules. 
The cultivator of the soil must learn, largely from experience 
on the kind of soil on which he is located and in that par- 
ticular climate, what is best to produce and how to produce 
it. Observation of what is being accomplished about him, 
noting the results of good farming and gardening, and poor 
results as well, and considering cause and effect, on which 
possibly improvements can be made is the safe way. Such 
observation is of course made much easier and of more prac \ 
tical and immediate value when done with a handbook such~ 
as this to guide the observer. 


Indirect Fertilizers are materials which may not be used di- 
rectly by plants for food, but which affect the soil favorably 
for plants. Lime supplies calcium which is used by plants, but’ 
its chief value is in keeping the soil neutral or “sweet,” as it is © 
called, rather than acid, also making available compounds © 
containing phosphorous or potassium and hastening the de- 
composition of organic matter. 
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Other materials are indirect fertilizers: green crops, muck and 
peat, salt and even coal ashes from house heating furnaces 
and kitchen ranges, but they have very small direct fertilizing 


After turning under a green manure crop 


value. Waste material, old dahlia tubers, seeds of tomatoes, 
etc., thrown on an ash pile often do surprisingly well. Ashes 
from steam boilers are likely to be almost wholly consumed 
eand the ash remaining being in lumps of slag that will not 
decompose are therefore unsuitable for agricultural use. The 
_ other ashes serve a good purpose in lightening very heavy clay 
soils. 
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Muck or peat are valuable when at hand, but are not of 
sufficient value generally to be profitable when necessary to 


“ CONTINUOUS RYE 
WITHOUT LEGUME. 
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VALUE OF GREEN MANURE ILLUSTRATED 
N. J. State Exp. Sta. 


purchase and haul them. Where there is a bed of these materials 
on the farm, when dried, they can be mixed with stable manure 
which is the best way to use them. 


Soot is used to a considerable extent in Great Britain and 
is imported and used by florists in America for special crops. 
It contains about three per cent nitrogen. It lightens heavy 
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soils and slugs and snails, sometimes troublesome to crops, 
dislike it. 
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Any dark colored material such as soot, muck or peat, 
darkens the color of the soil. The darker the color, the more 
heat. will be absorbed from the sun, making the soil warmer, 
which is desirable. 
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Chapter XXXVI 


mOW PLANTS USE 
FOOD 


A substance must enter a plant before it can be used as a food. 
Gases and liquids enter plants readily. Solids have to be dis- 
solved in water before they can enter plants. Some compounds 
must be changed into other forms or combinations before they 
are soluble in water. Some soluble substances containing a plant- 
food constituent may not be used by the plant even when taken 
into the plant. 


Water is a plant food. It is used by plants directly or decom- 
posed into hydrogen and oxygen and is used to form other com- 
pounds, such as starch, sugar, cellulose, etc. Green plants are 
composed of from 60 to 95 per cent water. All the food that 
plants take from-the soil is first dissolved in water. 


Everyone is familiar with the wilted appearance of plants 
wanting water. Plant cells cannot be active except when well 
distended through an ample supply of water. Lack of water may 
cause an excessive fruit drop. 


As elsewhere explained, water passes through growing plants 
in large quantities, passing into the air through the leaves. This 
is called transpiration. Some plants pass water into the air equal 
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to their own weight, every twenty-four hours in dry, hot 
weather. A crop on an acre of land may transpire a thousand 
tons of water, during the growing season. 


How Plants Use Food.—Plants are composed of innumerable, 
minute, individual cells. Roots take food from the soil and 
leaves take it from the air: it is conveyed to the cells where it is 
separated and recombined into new forms. 


__ In the tender, growing portions of plants, the cell wall isa 
thin but strong membrane, through which liquids and gases 
pass, but no solids. 


The active plant-cells contain protoplasm which is the life- 
giving part of the plant-cells. Protoplasm forms the different 
compounds that plants contain. 


Air is taken in through pores in the leaves, called stomata. 
These pores number from 1,000 to 170,000 to the square inch on 
the leaves of different plants. The air containing carbon dioxide 
passes into the spaces surrounding the plant cells and into the 
cell; the carbon and oxygen are separated, the carbon used to 
form new compounds and most of the oxygen is passed off, 
through the leaves, into the air. 


The utilizing of the carbon depends upon sunlight, and 
chlorophyl which is the green coloring matter of the leaves. 
The process of utilizing carbon is called assimilation. 


Roots supply plant food much the same as leaves, the food — 
constituents being dissolved in the water taken up by the root- — 
hairs which have thin walls. New hairs are constantly forming — 
immediately back of the growing tip, taking place of the older — 
ones as they die off. When trees are dug for transplanting many 
of the root hairs are torn off. This is why trees are planted when ~ 
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dormant. When transplanted the root hairs have time to form 
again as the leaves form and call for active root support. 


It is supposed that the acid solution in root hairs helps to dis- 
solve some of the constituents of the soil, so as to be used by the 
plant. 


The liquid food taken in by the root hairs is passed into the 
roots and carried through the cells to the leaves where it is made 
into food in combination with the carbon dioxide derived from 
the atmosphere, As this process can only take place in the light, 
it is called photosynthesis, meaning building up by light. 


The passing of liquids or solids in solution through mem- 
| branes is called osmosis. The passage of water from the thinner 
| toward the denser takes place more rapidly than in the opposite 

direction. 


__ Ifsoil water contains too much soluble matter from fertilizers 
which renders it denser than the sap in the growing roots, the 
osmotic flow will be away from the plant roots and the plant 
may be starved by an attempt of the cultivator to feed them too 
liberally. The action of osmosis in withdrawing the contents 


from a cell is called plasmolysis. 


When the solid matter in a soil solution is greater than 1 
pound in 60 gallons of water, the plants are likely to suffer. 


Water not needed is transpired into the air by the leaves. 
y exhaling water, the leaves keep the sap concentrated in the 
ells. So, also the movement of the water from the roots is 
ept upward by transpiration. 


Keeping the soil well supplied with organic matter is one of 
he best ways of decreasing the amount of plant-food lost in 
rainage water. In addition, the soil should be well worked to 
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keep it open so it can absorb and hold water and the crops kept 
growing. This is the advantage of cover crops. 


Plant foods are lost, particularly on side hills, by surface 
washing. Furrows or ridges should be provided to prevent wash- 
ing. Steep hills should be covered with grasses or trees. 

Burning tracts waste nitrogen which escapes into the air and 
should never be practiced. 


Rain-water Fertilizer.—Rain, dew and snow add from three 
to ten pounds of nitrogen per acre, annually to the soil in the 
form of nitrogen. 


Supply from Subsoil.—Deep-rooted crops may bring plant- 
food from the subsoil to the topsoil. Thus increasing slightly the 
depth of plowing may be advisable. Plant food comes also from 
the downward fall of soil water which may afterwards ascend 
toward the plant roots during dry periods. 


Available plant-food is plant-food or a constituent in such 
form that plants can utilize it at once; or a plant food or con- 
stituent that will readily become available. 


Immediately available plant-foods include nitrogen as ni- 
trate, calcium phosphate and potassium sulphate or muriate. 


Unavailable plant-food is material in such form, that al-) 
though it may be a plant-food, the plants cannot use it until) 
changes take place which occur so slowly as not to furnislg 
appreciable amounts for the present growing crops. 


Delayed Availability. —Organic materials containing nitrogen 
such as cotton-seed meal, dried blood, etc., are not soluble i 
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water. When mixed with the soil, bacteria aid in changing their 
nitrogen to nitrate nitrogen, under favorable conditions de- 
pending on fineness of material, temperature, moisture, etc. 
Ordinarily when such material is applied early in the spring, 
it becomes fully available to crops during the growing season. 
Stable manure is in this class, although its availability may ex- 
tend over two or three years. 


a 


198 Audels Growers Guide No. 1 


INOCULATING SEED 


Mixing seed with an artificial culture of the proper germs to insure soil 
inoculation.—U. S. D. A 
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Chapter XX XVIT 


BACTERIA’S WORK AS 
A FERTILIZER 


Bacteria, which have been mentioned previously, are of 
three forms: the ball or coccus; the red form or bacillus or 
bacterium; and the cork-screw form or spirillum. 


The ball shape exist separately or in pairs and sometimes 
in chains or masses. 


The rod-form may be short and thick ‘or long and slender, 
appearing separately or several, end to end. 

The cork-screw take various forms such as a quarter circle, 
a letter S, or coiled. 


All vary more or less in form. Some have appendages like 
a thread which propel them. 


These peculiar vegetable formations are so small that they 
can be seen only with a microscope, for which reason they are 
called micro-organisms. They require nutrition the same as 
higher organisms and, like them, reproduce and die. 


Reproduction in bacteria is usually by division. The cells 
lengthen and a partition forms across the cell, making two cells 
where there was formerly one. Each of the new cells sub- ' 
divides and so the process continues. 
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Some bacteria form a spore and spore-producing bacteria 
live under conditions which would kill other forms. 


The reproduction of bacteria is marvelously rapid, in some 
cases reproduction taking place every half-hour. 


Bacteria take food like other plants, through the cell wall 
and therefore only in solution. 


Bacteria are numerous in fertile soil, but there are few in 
soil containing little or no humus or in dry soil. They are 
mostly located just beneath the surface, with none below six 
feet down. 


Bacteria produce carbon dioxide, sulphuric, nitrous and nitric 
and organic acids which form in the soil, calcium carbonates 
and make soluble soil phosphates, potassium and other plant- 
foods, and change sulphur into sulphuric acid which forms sul- 
phates of potassium, calcium, magnesium, etc. 


Decomposition is generally considered in a broad way as 
covering decay. There are two forms of decomposition, that 
effected in air, called aerobic or decay and the other away 
from the air, called anaerobic or putrefaction. 


When vegetable matter decomposes in air or out of air the 
character of the chemical changes produced by each process 
is different and entirely different bacteria act upon the matter. 
Decomposition out of the air is called humification and is slower 
than decay and the chemical changes do not go so far. The 
intermediate organic compounds formed by putrefaction are not 
readily decomposed by other bacteria although exposed to air. ° 
Some of the compounds formed in the putrefaction of organic 
matter contain sulphur and phosphorous and are poisonous. 
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Inoculating Legumes.—Pure cultures of micro-organisms are 
now offered for inoculating leguminous plants. The applica- 
tion is made directly to the seed before sowing. Different cul- 
tures are offered for different crops. The use of an inoculant 
does not in any way take the place of or do away with the 
necessity of properly preparing the soil for the crop to be 
planted, just as if no inoculant was used. Better results, 
however, should be obtained by the use of the inoculant. 


Fungi are microscopic plants better known as moulds. They 
are larger than bacteria and assist in decomposing organic 
matter, particularly in acid soil where bacteria cannot thrive. 
They convert insoluble into soluble nitrogen compounds. Also 
they convert soluble nitrogen into the insoluble protein of 
which they are composed, which is again returned to the soil 
at their death, when they in turn undergo bacterial decom- 
position. 


The action of fungi is seen in dry manure that is white and 
powdery, so much so that bacteria cannot thrive in it, a con- 
dition which should be prevented by adding moisture. Fungi 
cause some disease in cultivated crops. 


Protozoa are much larger than bacteria. They are animals 
of single cells and feed upon bacteria, therefore they are a 
detrimental agricultural factor. They are of considerable an- 
noyance to plant culture under glass and some florists control 
them by sterilizing the soil with steam or by baking. This 
operation kills the protozoa but only part of the bacteria and 
the remaining bacteria increase rapidly and quickly, there- 
after flourishing without interference from the protozoa. 
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S) preading moarure from wagon— better thar making piles. 
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Chapter XXXVIIT 


FARM MANURE 


It is always a question as to exactly what is referred to 
when the term barnyard or farm manure is used. It may be 
the stable manure of horses or cows, mixed barnyard manure, 
manure from .hog-pens, etc., consisting of dung, urine, bed- 
ding and also general farm waste. The manure heap, by the 
way, is no place for old tin cans, bottles, glass and other sim- 
ilar waste material. 

Naturally there is great variation in manure according to the 
animals it is made by, the feeding and bedding material, and 
the manner in which it is kept. Different analyses naturally 
shows different results and the tables here given serve only asa 
guide or index to the various kinds. 

Average mixed farm manure contains nitrogen, phosphoric 
acid, and phosphate about as follows: Nitrogen 0.5 per cent 
or 10 Ib. in one ton; phosphoric acid 0.25 per cent or 5 Jb. 
in one ton; potash 0.5 per cent or 10 lb. in one ton. 

Fresh animal manure, excrements only, solids and liquids 
mixed average approximately as follows: 


Chemical Content of Animal Manure 


Phosphoric 
Animal Nitrogen Acid Potash 
Ie VOLE. on sis ain hos DOr re 0. 70 0. 25 0. 55 
MR Ne Se Aco ners er 0. 60 0.15 0.45 
SheeM ey rete ice sees 0.95 0.35 1.00 
(Digi Tame Re laritagl ec. s. 0. 50 0. 35 0. 40 
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The New York Agricultural Experiment Station at Cornell 
gives the following analysis of horse manure: 


WWaLEr.. ) aA es 48.69 per cent 
INTtrOgen= aes ome 0:49 =e 
Phosphoric acid..... 0:26-5 = 
Potash op eee 0:48 5s 


The amount of fertilizing compounds in the excrement of 
animals depends largely on what food the animals received as 
the following table shows: 


Approximate Chemical Content in Pounds in One Ton of 
Animal Foods 


Nitrogen Phosphoric Potash 

One ton of Animal Food Pounds Acid, lbs. Pounds 
Cotton-seed meals 5. casio. ene 140 60 35 
Teimseed/mieale eer seneencteeonaee oes 110 36 Pal 
Giutentmealiana seo eee 110 vf 1 
Wiheatibrantn "awn ie jam ae De 58 Bye, 
WAlfalia Nayak»: AeLeeRe a rece 50 Tul 45 
Red iclovierhayan) corte. sare 42 10 40 
(ORC A) On ss ee 40 16 12 
Corn fodder with ears............ 35 11 18 
OLTEe t  Lad ee eee 32 14 8 
Cornmeal instances oer sme: 30 13 8 
‘Rimothy nay grace sere ckeneen oe 25 10 20 
Wiheatistraw:) saccsasce mackie sete aise 10 3 12, 
TS GCUS uni tstds eRe raat cere acer 5 Ps: 10 
Cornensilager.. cee acne ra 6 3 4p 
id Bubvara ho cieeen tam Sahn cutie ties. apa 4 2, 10 


It is not unlikely that half of the nitrogen in manure is lost 
and likely two-thirds of the plant-food value is lost by careless 
handling before manure produced on farms is returned to the 
soil. What other business would stand such waste of important 
material and survive financially? 


The smell of ammonia is common in horse stables. The 
urine is first to undergo bacterial changes by which ammonia 
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is formed and passes into the air rapidly when spread over a 
wide surface at warm temperatures, particularly when nitro- 
genous compounds are present. 


= 


ictal 


oe 


42 
Wt Was]. oe 


Manure from pile fo wagon, from wagonto piles and then spread. 
Slow and expensive. 
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Manure from stable to spreader, The economical way. 
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Water-tight gutters and floors are important in preventing 
loss of urine. Concrete in stables is coming into more general 
use, largely on this account. 


Where manure is left exposed to the weather, considerable 
fertilizing material is lost by leaching. It is sufficiently valu- 
able to justify proper protection. The liquid portion is richer 
in nitrogen and potash than the solid matter and it is imme- 
diately available for plant use. When it cannot be protected, 
spread it on the land, winter or summer, as soon as possible. 


Saving Manure in Stalls.—As the liquid is so valuable, 
thought should be given to the absorptive qualities of the 
bedding of animals. The absorptive power of bedding material, 
in bulk, is as follows: 


Oak leayeswae si sae. 162 per cent 
IVEICICS | cathe, Ake eaegieer 200 Se 
Wheat straw. .........220 eae 
Spent tans vs -.0— ee 450) eee 
Pedi Nase ate: ah een ae 600. ae 
Dry peat moss...... 1,300. 


The floors should be tight, to prevent loss. 


Fertilizing Value Per Ton of Various Bedding Material 


Pounds of 
_Ton of Material Pounds of | Phosphoric | Pounds of — 
Nitrogen Acid Potash 
Wheat Stiaw sen. tere ins sek 9.6 4.4 16.4 
Oat Strawes di crises idee cts 14.4 3.6 23.0 
Rye Straw 7 veastda crt ee ceric ee a Bar 18.1 
Barley Straws. Jae kee aoe 11.4 5.0 PAYS 
ear Straw 2a. cctneiere aus core 20.8 0) 19.8 
Buckwheat/Strawarceece cnt aitelae 13.0 Gat 24.2 
Mallet: Serawipeynnae pe eck teeta 14.0 3.6 34.0 
Soy beam Stra wer: .scoec mieten 14.0 5.0 22.0 
Warsh’THay<somer ae ne yee ase Lee 10.6 54.0 
IOAN .OS ices Coe Bape ee eG 15.0 one, 6.0 
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The importance of saving the liquid in manure is still further 
shown by analysis made at the Massachusetts Experiment 
Station. The drainage from gutter behind milch cows was 
found to contain, in 1,000 lbs.:—932 lb. water; 9.8 lb. nitrogen; 
2.4 lb. phosphoric acid; and 8.8 lb. potash. Drainage from 
liquid manure, 1,000 lbs., contained:—820 lb. water; 15.0 lb. 
nitrogen; 1.0 Ib. phosphoric acid; 49.0 lb. potash. 


Manure exposed for six months lost by leaching from 42 to 
62 per cent in horse manure and 30 per cent in cow manure. 
When small quantities of land plaster were mixed with the 
manure the losses were considerably less. 


The use of gypsum (land plaster) on manure will absorb 
liquid and prevent loss from dripping in handling, retaining 
much of the ammonia. It should be finely ground and sprinkled 
on the urine and fresh dung. It can be spread on the floor of 
the stable when cleaned and before the bedding is spread. 
Using two to three pounds daily will be sufficient for horses; 
cattle three to four pounds; and on hen droppings, eight ounces 


to the pound. 


Acid phosphate contains considerable gypsum and its action 
on manure is somewhat similar to gypsum, also called land- 
plaster. The soluble calcium acid phosphate combines with 
and holds the ammonia. It is more effective than gypsum in 
holding ammonia and costs less. 


Fifty pounds of high grade material should be used per ton 


-of manure. 


Acid phosphate should not be permitted to come in contact 
with the animal’s feet. 
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Acid phosphate may be mixed in equal proportions with 
- kainit and used as directed for phosphate alone. Manure so 
treated will be balanced better, or be a more complete and 
better fertilizer than when acid phosphate is used alone. 


The manure heap may be said to be a chemical laboratory 
where there is constant bacterial activity. Manure piles are 
literally alive with bacteria. The heating of manure is what 
enables the gardener to produce summer temperature in the 
early spring in hotbeds. Another common sight is the market 
gardener’s large manure pile gradually changing into “well 
rotted’? manure and the farmer’s reference to “fire fanging.”’ 


The heat generated in the manure pile warms the outside 
surface where the aerobic bacteria become active, breaking 
down the insoluble nitrogen compounds, forming ammonia, 
much of which passes into the air. The ammonia that does 
not escape in this way may be decomposed into free nitrogen 
and be lost. 


It is a mistaken idea that crops raised on a farm and fed to 
animals, the manure being returned to the soil, will increase the 
fertility, without the addition of other fertilizers. In time the 
fertility in such cases will be considerably reduced. Milch cows 
and young animals consume from 10 to 50 per cent of the plant 
food contained in the food thus consumed, so that unless food 
not produced on the farm, is purchased and fed, the fertility of — 
the soil will gradually be lessened. Animals not increasing in — 
weight or not giving milk may return in excrement plant food — 
nearly equal to that consumed. ‘ 


Farm manure contains the constituents needed by culti- 
vated crops—nitrogen, phosphorous and potassium. It has the 
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advantage of supplying immediately available plant food while 
other portions become available later on, as needed by crops. 


The mechanical effect of farm manures on the soil is desir- 
able, adding organic matter, which, through its decomposition, 
makes available insoluble plant-food of the soil, improves the 
texture, aeration, absorption, warmth, etc. It also supplies food 
material for soil organisms. The fertility of the soil may be 
maintained indefinitely by the application of manure, where it 
is to be had economically. 


When used fresh, ‘stable manure stimulates the growth of 
stem and leaves on account of the high proportion of available 
nitrogen. It is excellent for spinach and other leaf crops. For 
general crops market gardeners prefer to let manure become 
well rotted. 


When used fresh on heavy soils, losses through leaching are 
prevented and what is washed by the rain goes directly into the 
soil. It also adds beneficial organisms. 


On light soil, fresh manure should only be used in moderate 
amounts or the soil may be made so loose and open that de- 
composition will be delayed, or, if sufficient moisture is present, 
decomposition may be so hastened as to heat the soil, dry it out 
and burn the plants. Generally, well rotted manure should be 
applied to light or sandy soils. 


Fresh manure carries weed seed. Well rotted manure, rots 
weed seed in decomposing, so there is little trouble on that ac- 
count and it is a more evenly balanced plant-food. When heavy 
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applications of manure are made to light soils, which is desir-. 
able, well rotted manure should be used. 


Five tons to the acre is regarded as a light application of 
manure and twenty tons a heavy application. Small amounts 
annually should be the rule rather than a heavy application 


once in several years. 


Average Analysis of Manure 


Composition of 1,000 lbs. of average barnyard manure 


moderately rotted: 


VV Cer sees notiaat oe enc. ciel 713.0 
Organic substance............ 192.0 
IANS Tet Sint OU pe tern ah IRA eee NA 33.0 
INIGrOg ener) en elie iene ae 5.0 
Potash eeepc itemouewnem ee eae Sy! 
Sodan. ew, 


7.0 
Magnesia... . 2 eee 1.8 
Phosphoric'acidiy-2eee ee 2aAG 
Sulphuriciacid 330s 1G 
Silica and sand 2a 16.8 

1.9 


Analysis of Various Manures 


Cow Manure 


INTECOREN isk. = 2.9 per cent 
Potashte, iusican ols Oper cent 
Phosphoric acid. .1.7 per cent 


Horse Manure 


Nitrogen:.::. J3).: 4.4 per cent 
Potash oni: 3.5 per cent 
Phosphoric acid. .3.5 per cent 


Sheep Manure 


Nitrogen... | ae 5.0 per cent 
Potash... «25a 1->.per cent 
Phosphoric acid. .3.1 per cent 


Swine Manure 


Nitrogen... ....68 6.0 per cent 


Potash. : 2 2.6 per cent 
Phosphoric acid. .4.1 per cent 
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Fertilizing Constituents of Various Barnyard Products.— 
The figures given here can be accepted only in a general way, 
as the analyses of material from different sources, made at 
different times will vary. The analysis of animal manure will 
vary also according to what the animals have been fed. The 
tables given can be used as a guide in judging the value of vari- 
ous fertilizing materials. 


In 1,000 Pounds 
Water 
Material Nitro- | Phos- | Pot- 
Ash gen phoric | ash 
Acid 

PXTALCAMEP tc ticiee ea eee s 753 22D The? 13} 5.6 
Anplespomaces..=..5:...5...| 805 Bil. Zico eB 158} 
BATIOVEC HA etna s <6 cys ss oe» TED ery ill migslac 10.1 Peat 9.9 
Bat guano.. gested | 400) © aclimertns 82 38 Ton 
Bean pods.... rere OO. 54.7 16.8 PO Sono 
Beech leaves in autumn.......| 560 21.6 SR Sulla ies’ 4.4 
IBecHiICaVeSiaee bck csc. kee. 905 14.6 3 i 4.5 
IBonenned esses. .65.>.-.--|, 130 232) 23 176 1 
BtielwHeatseeeiec a. oes ss ee 160 DLS, 13 6.1 24.2 
Buckwheathulls............. 132 DPN “MN as 4.3 8.2 
Cabbage leaves.............. 870 16.9 4.3 1.6 ae 
oo 5 BU | Reaevee es 55 WES 11 
Chicken droppings. - Bee svcae DOO 85 16.3 15.4 Seo 
Clover, alsike. - 5 Oo eLOnSRO ee RevAU 8.6 DES 9 2.4 
Clover, crimson - Per sinolo 18.6 4.5 we 4 
(Clesiae,, ies. a eee 832 18 6.9 ell 6.1 
Corn cobs, ground*...........| 100 31.8 Sia 9 Pai 
Corbfodderin...:: «': gi hae 786.1 48.4 4.1 15 oro 
(ORMMDUGKGU tas ce see ee 861.9 5.6 1.8 all 2.2 
(COTNSIFE®.- 50.000 0 OCI IEEE (EDS ||" rato 2.8 Tea Soh 
Conmmstalkcweenias.......-| 808.6 IAA 2.8 1.4 4.1 
Cotton seed cake.............| 112 66.4 62.1 30.5 15.8 
(WOUCINUTASSEe ee ais cree 143 60 zl: TP oa ices cate eeerreeee 
Droppings, chicken...........| 560 85 16.3 15.4 8.5 
IDEOPPINGS GUCKS 0... sre ee 566 12 10 14 6.2 
Droppings, geese - J bee eee 95 a) 5.4 9.5 
Droppings, pigeon. - fee Sil) 173 17.6 17.8 10 


*Ground corn bis can = used for stable bedding. 
(Table continued on next page) 
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Fertilizing Constituents of Various Barnyard Products (cont.): 


Material 


inenecdles:vev-f 4b She Se eye 
Hop leaves and stems......... 
Horn meal or ae 

Linseed cake. Nets 
Manure, horse, ifreshins cd 
Manure, human, fresh _ - 
Manure, sheep 

Manure, stable, well rotted. 
Manure, swine. Pe ty oak 
Oak Ierives Wr Lorre hone 
Oatichaltis acd enters ee es 
Oat stra wiser certo ee 
MatsSri pening sere are eae 
IREak POS ew... Meeps tee eee 


Phosphate, S. Carolina dis- 
solved rock. . tee sent ebe 
Rverchatieg.¢ ih aie ene ee ere 
Rye straw... MGR OCS 
Salt marsh hay... 
Sea weed. 
Soot, from hard coal.. 
Sorghum, in bloom. Nee 
Soja bean cake............-.. 
StiawarGd toe seve oon era 
SLA WY C feta tease cate eee: 
Straws iwheat ease a0) sane 
Sweet potato vines........... 
ARNOMASISIAG— ve pereaere etenehere 
A Dylon olan en ties eee Sin orem eon 
Wobaccowtalks semee-ueecs pata 
PP ODACCOY SEEMS: sea teks sc By ere 
Tomato vines. é 
Turnip leaves _- Peart oe 
Urine, cattle, freshen sons 
Urine, horse, fresh. . 
Urine, human, fresh. . 
Vetch Ns oe 
Wheat straw . Sey ks 
Wood ash, unleached......... 


Water 


In 1,000 Pounds 


Phos- 
phoric 
Acifl 


Pot- 
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Sewage.—1,000 tons of London crude sewage contained in 
pounds: ammonia 219; phosphoric acid, soluble 28; phosphoric 
acid, insoluble 29; potash 51. 


Application of Manure.—Manure is sometimes applied 
directly in the row or hill where the crop will be benefited most 
quickly. Rotted manure is commonly placed in the hills in 
planting squash, cucumbers and melons, and produces good 
results. 


The customary way, in large operations is to spread evenly, 
by hand or with a manure spreader, just before plowing in the 
spring, covering it about four inches deep in turning the furrow. 
In light soils the manure may be covered to a greater depth. 


Urine contains the plant-food which has been digested and it 
is in soluble form, practically immediately available. The more 
digestible a plant food is, the larger the proportion of plant- 
food in the urine. This shows why the urine produced by farm 
animals should be carefully preserved and all of it, or as nearly 
so as possible and applied to the soil. One of the ways to accom- 
plish this is by giving consideration to the bedding material 
used and preventing leaching by not leaving the mixed ma- 
nure exposed to rain or permitting thé liquid to drain away. 


Straw is Largely Used for Bedding.—If it is cut in short 
pieces it will absorb from twice to three times as much liquid 
as if uncut. Peat moss absorbs seven times or more of its own 
weight and retains ammonia. It is valuable as bedding and as 
poultry litter. Peat and muck, when dry, make retentive bed- 
ding material. Manure, where sawdust or shavings have been 
used as bedding is the least valuable. 
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A large, moist manure heap becomes compacted beneath the 
surface where the air is excluded. Here anaerobic bacteria 
change the insoluble nitrogen into ammonia and unless the 
manure becomes dry or is exposed to the air in handling, but 
little ammonia will escape into the air. 


If rain washes nitrate nitrogen into the heap from the surface, 
free nitrogen may be produced from ammonia and lost. 


The bacteria at work in the manure pile use nitrate for food, 
where it becomes insoluble in their bodies. When they die and 
decompose the nitrogen again becomes soluble. 


The straw used in bedding and which is on the surface of the 
pile, decomposes, being largely changed into carbon dioxide and 
water. The interior of the pile, where the air is excluded, is 
attacked by anaerobic organisms changing it into a soft mass 
which is spoken of as ‘‘well-rotted’’ manure. During the rotting 
process from a third to a half of the bulk of the manure is lost. 


In the rotting process the soluble phosphorous and potassium 
remain and the insoluble forms become soluble. The nitrogen 
has been used as food by bacteria and converted into insoluble 
form in their bodies. 


The heat supplied by manure for hotbeds is in reality caused 
by the burning up of the material although no flame exists. 


(Fire is often caused by storing hay in barns before it is suffi- — | 


ciently dry, by the same process.) 


The breaking down process of the nitrogen-free material used 


in bedding, by bacteria, takes place rapidly. Oxygen is con- 


sumed and the temperature is increased with the supply of air. 
Temperatures of more than 130 degrees F. drive off ammonia. 
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Where the air is excluded or moisture is supplied the aerobic 
bacteria will be discouraged and the anaerobic encouraged, thus 
reducing the temperature. 

Some manures like sheep manure are said to be “hot man- 
ures.” It is because they are dry, decompose easily and raise 
the temperature. Cattle manure contains a large percentage of 
water and is said to be “‘cold.”’ 


Care of Manure.— Where manure is not applied to the land 
as fast as made, it should be kept as compact as possible and the 
sides and top made smooth to exclude air, adding water when 
too much heat is generating, in such quantities only as the pile 
will absorb, adding acid phosphate and kainit as recommended 
elsewhere. This material checks the operations of bacteria and 
is objected to by some on that account. Keeping the manure 
pile in good form and compact will be found a satisfactory 
method of handling. 


Concrete pits are coming into general use, where manure 
cannot be hauled immediately to the fields. Covered concrete 
pits are constructed with open ends, so a team may drive in at 
one end and out the other. Leaching is prevented by the water 
tight pit and the roof affords protection from the weather. The 
manure is spread evenly and properly moistened so fermenta- 
tion may develop with a minimum loss of nitrogen. 


Treatment of Poultry Manure.—Poultrymen and farmers too 
lightly regard the value of poultry manure. It is valuable and 
worth giving proper care. In warm weather it easily loses 
nitrogen. Peat moss over the dropping boards and as litter is 
desirable for this purpose, or sawdust at the rate of four pounds 
mixed with ten pounds of droppings. Peat moss is much more 
desirable than sawdust for this purpose. A complete fertilizer 
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can be made by using two pounds of kainit and four pounds of 
acid phosphate to ten pounds of droppings. 


Poultry Manures, when properly preserved, are the richest 
of all farm manures. Like other manures, the analysis of poultry 
manure varies considerably. The following table gives a fair 
average: 


Composition of Poultry Manure 


Fowls average 30 to 45 pounds of manure per year. 


Per cent 
Kind Per cent Per cent | Phosphoric | Per cent 
Water Nitrogen Acid Potash 

Fresh Hen Manure...... 53. 00 1. 40 1.50 0. 80 
Dry Hen Manure....... 8.35 2.13 2.02 0. 994 
Fresh Duck Manure... . 56. 60 1.00 1.40 0. 62 
Fresh Goose Manure.... 77.10 ON55 0. 54 0.95 
Pigeon Manure......... 525 OO; lg ae elenro E75 1.0 


Another Average Analysis of Dry Poultry Manure 


AW abet 9h ;, at te ene et eee nee 0.56 per cent 
INTUCOgER sain hho Mok, Ceo ae oi ei 1.60 per cent 
Phosphoric-acieica 5 12 ee see 1.75 per cent 
Potash seer oa i ene eee 0.90 per cent 
Teme 3s ees be hal ok ee Decora 


Poultry manure should be applied carefully as it has a caustic 
effect. A safe way is to mix it thoroughly with an equal amount 
of sand, soil or peat moss. 


The money value of various manures is not given, because of 
the variation in price in different localities, and variation in the — 
price from year to year. Where it is to be had at fair prices, 
manure is valuable to use in connection with commercial fer- 
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tilizers, as for example, manure applied liberally for a corn crop. 
The following year potatoes are grown on the land occupied by 
the corn the previous year, or wheat might follow corn and then 
potatoes. Wheat might be injured by fresh manure and potatoes 
likewise, these crops to be fertilized by commercial fertilizer. 


Quantity of Manure.—To estimate the quantity of manure 
animals will make, multiply the dry matter in the food con- 
sumed by the following factors: horse by 2.1; cow by 3.8; sheep 
by 1.8 and add the weight of the bedding used. 

The average horse makes about 50 Ibs. of manure daily; 
cow 95 lIbs.; sheep 5 Ibs. 
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Limestore Couste lire Limestone Cowstic lirr Vanure Cousnc lime 
1700 pours 1/000 pour7as (780 pourras 1000 pours O7or7s 1000 pounds 
Sarre Morure Acid phosphate 
C7or7S O7ors 320 pourids 
/turiate of potash 
40 pounds 


RESULTS OF THIRTEEN YEARS’ ROTATION 
Corn, oats and clover. The Ist period shows results for first seven years; 
the 2nd period results for last six years. Bushels for grain; pounds for 


clover. The last corn crop is seen to be almost three times the first corn 
crop.—Ohio Exp. Agr, Sta. 


Crop Rotation 219 


Chapter XX XIX 


CROP ROTATION 


Root excretions are detrimental to succeeding crops of the 
same kind. This is why crops should be rotated, that is, the 


Erne A 

ALFALFA IS GENERALLY FOLLOWED BY CORN 
same kind of a crop on the same land should not be planted 
a second time, until some other crop has been grown on it. 
Preferably, the same crop should not be planted again until 
after two different crops have been grown. The rotation re- 


quired depends on the kind of crops grown and the character 
of the soil. 
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Rotation is planned for crops of different character follow- 
ing each other. For example, a crop of potatoes or turnips 
or other root crops will be followed by corn or tomatoes or 
other crops produced above the surface. Some crops are deep 
rooted like clovers and others more shallow like oats, so the 
plant food is taken from different strata. Some crops use more 
nitrogen than others, leaving considerable potassium unused. 
The following crop will use more potassium and thus the fer- 
tilizers which have been applied are more economically used. 


Wheat, for example, is used after clover, and oats after wheat, 
because better crops are produced in this rotation. Wheat is 
not as able as oats to find and use plant food. 

In a four year rotation, with one good application of ma- 
nure, a leguminous crop will supply what nitrogen is needed. 


Hoed or cultivated crops keep the soil open while grass 
crops tend to compact the soil. The residues left in the soil 
that injure the crop when produced continuously on the same 
land are overcome by rotating crops. Diseases, insects and 
weeds are more troublesome unless rotation is practiced. 


A rotation in general use in dairy farming is corn, followed 
by corn the second year in some cases, followed by oats, 
seeded with clover and timothy which follow the oats, pro- 
ducing hay. The next season the land is used for pasture and 
the operation repeated. 


In corn growing, corn is produced two years in succession, 
then wheat or oats and then clover and timothy. 


In potato growing, potatoes, wheat or oats, then clover and 
timothy is the rotation. 


Alfalfa is generally grown for four years, followed by corn 
for two years, then wheat, followed by oats. 
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Rotation is not followed in cotton growing to the extent it 
should be. Following a crop of cotton, corn could well be 
used, with cowpeas broadcast at the last cultivation of the 
corn. The next year oats followed the same season by cow- 
peas, then repeating the rotation. 


A mixed fertilizer that may give good results one season 
may not do so the next, with exactly the same formula. Soils 
are constantly undergoing changes according to the crops pro- 
duced on them, etc. The organic matter in the soil must be 
kept up, also the supply of calcium. In central Europe it is 
common for farmers to supply plant food separately, often 
applying the nitrogen, phosphoric acid and potassium at dif- 
ferent seasons and in varying amounts, according to experience 
and results which are carefully studied. There is a lesson here 
for American farmers. 


Fertilizer Recommendations.—In a general way manufac- 
turers’ recommendations for various crops are as follows: 


: Nitrogen Phosphoric Acid Potash 
WOM eCKealSinc ns... ees Sperm cents 8 per cent 10 per cent 
BEBROOLCTOpS..... 2... SPUR AS See ‘Lihat: 
 \Getes 2 bo ee es OGaa ts Taig 
beaten a en lee irae iss aes ea LOT ame 
Hee@rchards (apples)... 2 “ . “ Sy a 6. 
fmOLenards (peaches)... 4 ‘“. Sue ee ota 
“ (Canc: Ie eae Se eere se Oe Ses 


In the North, nitrogen alone has produced most satisfactory 
results on apples. 


Leguminous crops are valuable green crop manures, useful 
also for forage and as hay. Some, such as white clover, are 
used in lawns. 


In the North, red, mammoth alsike, and white and sweet 
clovers are largely used and in some places alfalfa. This latter 
does well in Northern New Jersey and in parts of Western 
New York. Field peas and vetch are also used. In mild to 
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warm climates, crimson clover and cowpeas are used. In the 
West alfalfa, clovers, soy beans and cowpeas are used. 


Legumes require an ample supply of organic matter in the 
soil. Good drainage is necessary and as acidity is injurious, 
liming must receive consideration. Legumes also conserve 
calcium as food and require an abundance of phosphorous and 
potassium, and generally a little nitrogen to give the plants a 
good start. From three hundred to five hundred pounds to 
the acre of a 3-8-8 mixed fertilizer is desirable, harrowed in. 


The organic matter may be supplied by farm manure or by 
turning under some green crop such as rye. Land that has 
been heavily manured for previous crops will be in good con- 
dition in this respect. The soil should be carefully prepared, 
especially for small seed which should be only lightly covered. 

Crimson clover and velvet beans prefer a light sandy soil. 


Table of Rotating Fertilizer Crops.—In the following table, 
all are deep rooted crops except alsike, crimson and white 
clover, field peas and vetch. Alfalfa is very deep rooted and 
particularly valuable on this account. 


SEED REQUIRED PER ACRE Depth 
Duration Green Planting to plant 
in years manure Forage Season inches 
Allfalifae ves fay ecusnepene 4-10 25-35 lb. 20-25 1b. Early spring or late 14 
summer 
SOV#eAnCe anes 1 1-li bu. 2-3 pks. May-June 1-2 
Wetchi.wiatins aces 1 1-1i bu. 1-13 bu. May-August 1-2 
Velvet Beans.: 627... i 1-4 pks. 1-4 pks. Spring 1-2 
Field 'Peasie . 25a 1 2-3 bu. 2-3 bu. Spring 2-4 
Cowpea'.0s. 3s eee il 13-2 bu. 1-14 bu. May-June 1-2 
Clover, sweet........ 2 2-4 pks. 10-12 lb. March-Sept. 3- 
SEPT t. fy ree 2-3. 12-15lb. 8-121b. Earlyspringorlate 34-1 
summer 
“-mammothred 3-4 15-20lb. 12-15lb. Earlyspringorlate 1-2 | 
summer : 
ea alsikes «tei vae 3-5 12-15lb. 8-15\|b. Early spring $1 
S PRACriMnson aoe 1 15-20 lb. 12-15 |b. June-October 1-2 


Gre white mules ae, ASS ~ 12-15 1b) “10=12 Ib. Early spring i-1 


——— 
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Chapter XL 


LEGUME CROPS— 
PASTURES—LAWNS 


Alfalfa is by no means a new plant, nor are its uses for ferti- 
lizing new. It was used for this purpose by the ancient Greeks 
and later in Great Britain. The seed was sold nearly a century 
ago by the early American seedsmen as Lucerne. In the seed 
business, years ago, when inquiry was made for the seed, know- 
ing its very deep rooting character, purchasers were cautioned 
that the seedsman would not be responsible for getting it out of 
their land, once it was planted. This caution was issued to pre- 
vent responsibility in case of a law suit for introducing a trouble- 
some weed. Less was known about the crop then than at present. 

Alfalfa does not reach a great growth until the second or 
third year and in good soil, supplied with a proper amount of 
organic matter and other plant food, if kept free from weeds, 
will thrive for eight or ten years. On wet soil or heavy clays it 
may die out ina year or two. The roots go down deeply in the 
earth for water in open soils and because of this it is not suitable 
for growing for more than a short time in orchards. 

The seed should be inoculated before planting and, after the 
- first year, farm manure or fertilizer should be applied annually. 
If manure is used, also use one hundred pounds of acid phos- 
phate and fifty pounds of potassium chloride to the acre. 


Soy-beans bid fair to become a most important crop in this 
country. The oil is valuable and the compressed material 
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CORN WHEAT 


} 
| F 
Average depth of 
roots under good 
soi/ cond/Hons. 


DEEP ROOTED ALFALFA BENEFITS THE SOIL 
Although it was at one time regarded with great suspicion 
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remaining makes good food for animals and is valuable also as 
a fertilizer. They grow on any kind of land that is not too wet 


Wisse : ay < eS 
i : . 
eS e 3 : + 3 Ee ~ 


Left:—roots cf alfalfa not inoculated. Right:—showing bacterial nodules 
on inoculated roots of alfalfa 


and are grown as far north as Wisconsin. Soy beans are sensi- 
tive to cold and should not be planted until danger of frost has 
passed and the soil becomes warm. One and one half to two 
bushels of seed per acre sown broadcast and covered about two 
inches deep is proper, or, they may be put in with a drill, the 
ows twenty inches apart. Soil inoculation is desirable. Two 
undred pounds per acre of a 3-8-8 fertilizer cultivated into the 
oil before seeding is advisable. 
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Vetch is more suitable on poor, light soils than either soy 
beans or cow peas, but winter kills it in the North. 


HAIRY VETCH 
Sown at last working of tomatoes. Photo taken in November, Camden 
Co., N. J.—N. J. Exp. Sta. 

Hairy vetch stands cold well and makes it desirable for use in 
the North. It is planted along the last of April to the middle of 
May and from the middle of August to the middle of September, 
usually sown broadcast in corn and cotton fields and worked in 
at the last cultivation. Three hundred pounds of a 3-8-8 fer- 
tilizer per acre can be used and as with other legumes, inocula 
tion is desirable. 


Velvet Beans are suited to portions of the South, where th 
weather is warm and moist. The vines are long and often difficul 
to plow under. The same culture is required as for soy beans 
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Field Peas do not thrive on light, dry soils, preferring clay 
loam and do well on clay. They delight in cool, moist weather, 
like all peas. Early spring is the time for planting. Started in 
August or September they will make a good growth before heavy 
frosts and are turned under in the spring. Peas do better in 
drills than sown broadcast. Use about two hundred pounds per 
acre of a 3-8-8 fertilizer at time of seeding. 


Cowpeas are best suited to warm sections but some varieties 
thrive in the North, growing on any soil, not too wet. Sow 
broadcast or with a drill when the soil is warm. It is a difficult 
crop to plow under and on light soils, if turned under, may make 
the soil too open until the material has had time to decay. A 
good crop will supply nearly two tons of organic matter per 
acre, containing one hundred pounds of nitrogen, twenty-five 
pounds of phosphoric acid and one hundred pounds of potash. 


SWEET CLOVER 
Seeded in corn at the last cultivation.—N. J. State Exp. Sta. 
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Sweet Clover is found along the roadsides and fence corners in 
hard, dry soil and was long regarded as a troublesome weed, 
with a long, tough root. It is one of the best legumes to use on 
poor soils and its extreme hardiness makes it valuable in the 
North. It does well without fertilizer. Plow under the second 
season before the flowering period. 


Red Clover thrives on a wide range of soils, providing they 
are well drained, containing ample organic matter and calcium. 

Red clover usually is grown for two years, cut for hay and 
then turned under, followed by potatoes or corn. The roots 
constitute a large proportion of the food value of the plants and 
decompose rapidly. When the whole crop is turned under it ~ 
will supply approximately per acre, one hundred pounds of . 
nitrogen, fifty pounds of phosphoric acid and one hundred 
pounds of potash. It is often sown With winter wheat or rye and 
takes up the fertilizer remaining which was applied for those 
crops. When sown alone, fertilize as for alfalfa. 

When red clover is used as a permanent pasture, liberal 
amount of phosphorus and potassium should be supplied. 
Nitrogen if given in more than very modest amounts will cause 
grasses to thrive and choke out the clover. 


Mammoth Red Clover will thrive on wetter lands than red 
clover. ‘It is coarser and takes longer than red to mature. The 
cultural treatment is the same as for red clover. 


Alsike Clover is adapted to moist clays where other clovers 
will not thrive. It is of creeping habit and is grown usually with 
another crop, such as mammoth red. The soil must be well pre- 


pared. _ Three hundred pounds of mixed fertilizer as recom- 4 


mended for alfalfa should be well worked in, close to the 
surface. 
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Crimson Clover thrives from Southern New Jersey to Georgia. 
It is a beautiful and valuable plant and it is unfortunate that a 
variety has not been produced that will thrive in the North. It 
grows on light soils where other clovers perish. Crimson clover 
makes an excellent cover crop for orchards and berry patches 
and after crops of potatoes and tomatoes. On poor soils use 
three hundred pounds of a 3-8-8 fertilizer. 


A COMPARATIVE DIAGRAM THAT IS SELF-EXPLANATORY 


White Clover is used largely in mixtures of lawn grass seed 
and in mixtures of grasses and clovers for pastures. It is hardier 
than red clover, growing on poor soil where red clover will 
perish. The better the soil, however, the better the result. The 
culture is the same as that for red clover. 


Meadows.— Where grass is to be grown continuously from 
season to season, plants are grown which are ready for cutting 
at the same time. There are locations on many farms only suit- 
able for use as meadows or pastures. Frequently not much con- 
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sideration is given them, and as a result they do not yield the 
return the owner should have. 


Clays and loams support good meadows as they hold moisture 
well and are not difficult to keep in good condition. The plants 
are more difficult to start on light soil and they run out quicker. 

Meadows are started in humid regions by seeding with wheat 
or rye grasses in the autumn and clovers in the spring. 


For a durable permanent meadow the soil must contain an 
abundance of organic matter and be free from weeds. Where 
farm manure can be used, from ten to fourteen tons to the acre 
should be applied to the preceding crop which, like corn, is to 
be well cultivated to get rid of weeds. If it is necessary to fer- 
tilize immediately before sowing the grass crop, use ten tons 
to the acre, of well rotted manure well worked in. This should 
be sufficiently rotted so that it contains no weed seed. 


Prepare the land by deep plowing, cultivating several times © 


to get out the weeds that would later be troublesome, and to 
get the soil in good condition. 


Unless certain that the supply of calcium is ample, apply 
from half a ton to a ton to the acre of burnt lime, or, two to 
three tons of ground limestone to the acre, before the first culti- 
vation. If manure has been added before plowing use ground 


limestone instead of burnt lime. This application of lime must — 


be repeated every four or five years as a top dressing. 


Just before seeding apply five hundred pounds per acre of a 
4-8-4 fertilizer in addition to the manure. 


Where manure has not been used on the preceding crop or 


applied directly, five hundred to eight hundred pounds of the 
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following mixture is recommended, but manure is best, if it is 
to be had: 


Mixture A 
So Ti he rr 100 Ibs. 
PPS ONALC. ws. se ea ence cen ceeeeees 400 lbs. 
Lo OS Viel a0 @ (6 (ai 360 Ibs. 
Tankage (6.5 per cent nitrogen and 9 per cent 
Bes AOTICACIO) ofc scc sbeebs se sc vewees 700 lbs 
oii ans cht vite es ake sok ee ce 440 lbs 


(The drier may be sand or dry, pulverized earth.) 


Nitrogen applied lightly in the spring gives good results on 
meadows, but if the crop is clover or partly of clover, the 
application of nitrogen must be light or the clover will disappear 
if nitrogen is used alone. Where clovers are in the mixture or 
grown alone, do not use more than seventy-five to one hundred 
pounds of sodium nitrate ground fine and mixed with four times 
its weight of dry inert material—sand, dry earth powdered, 
etc., to keep it from injuring the plants. 

It is advisable also to use in the mixture some acid phosphate 
and potash which are required by both grasses and clovers. On 
timothy or mixed grasses double the quantity may be used. 

Meadows should have an application of manure or fertilizer 
in the early spring. If possible use both, alternating each year. 
The manure should be finely pulverized for best results. 

The commercial fertilizer may be applied in the autumn or 
early spring, using phosphoric acid, potash, and lime if neces- 
sary. Nitrogen is a deciding factor in securing a high yield in 
quantity and quality. Quality means a high protein content 
and this necessitates the use of a quantity of nitrogen in the early 
spring. A second application of nitrogen should be made after 
the first cut, using 100 to 200 pounds of calcium nitrate or 
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nitrate of soda per acre to obtain best results, which will accrue, 
providing the weather is not unfavorable and that the first cut 
is not made too late in the season. 


A complete fertilizer may be used in the spring, one con- 
taining nitrogen, phosphoric acid and potash. For illustration 
a 4-8-4, using 400 to 600 pounds to the acre. Or, the new 
highly concentrated fertilizer, nitrophoska may be used at the 
rate of 100 to 150 pounds to the acre. In addition to this give 
a summer application of nitrogen. 


To assist clovers in meadows a 2-8-10 may be used at about 
three hundred pounds per acre. 


In the East, Italian rye-grass, meadow fescue and red top in ~ 


mixture, are used on moist soils to establish meadows. On 
loams and clays, timothy is largely used. Meadow fescue and 
blue grass are sometimes added. In other combinations, red 
clover, red top and timothy are added and sometimes, blue 
grass. Largest yields are obtained where only one kind or not 
more than two are used. 


Timothy is chiefly used for hay because it produces a good 
crop the first year and runs out in permanent pastures. Use from 
12 to 15 lbs. per acre. 


Red Top produces the year following sowing. It grows on 
slightly acid and wet soils, where timothy fails. Use 6 lb. per 
acre. 


Tall Meadow Fescue is used for permanent pasture, as it 


requires three years to become established, on good soil. Use 
8 to 10 lbs. per acre. 
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Orchard Grass also requires good soil. It stands drought but 
forms in tufts or clusters. Sow 16 to 20 Ibs. per acre. 


ae 
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TIMOTHY HAY i 
RUAN UN 
GRAPHIC ILLUSTRATION OF USE OF FERTILIZER 


Pile on left: No fertilizer; 2200 lbs. hay per acre. Center Pile: 600 Ibs. 

Nitrate of Soda, 300 lbs. acid phosphate, 80 lbs. muriate of potash; 7600 

lbs. hay per acre. Pile on right: 300 lbs. nitrate of soda, 300 lbs. acid 
phosphate, 80 Ibs, muriate of potash; 7000 lbs. of hay per acre 


=== 
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Perennial Rye Grass is the best for wet, marshy land. 


Kentucky Blue Grass is used largely in lawns and requires 
several seasons to mature and is sometimes used in pastures. 


Rhode Island Bent is another excellent lawn grass, especially 
where the soil may be slightly acid. Acid phosphate, and a little 
potash are its chief fertilizer needs, without lime. 


Red Fescue is also largely used in lawns. It thrives on light 
soils, inclined to dryness and is particularly useful in shady 
places. 
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Pastures should have frequent applications of organic mat- 
ter, fertilizing and seeding, with weeds cut down by mowing 
before they seed. 


BLUE GRASS 
Showing method of 
increasing by under 


cai 
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Chapter XLI 


THE CEREALS 


The cereals, which are in reality grasses, include corn, wheat, 
rye, barley, oats, buckwheat, millet and sorghum. Corn is 
only a largely developed grass. Some of these are used for 
cutting green and feeding to stock as forage, and the method is 
called soiling. They are also used for grain, for pastures, for 
hay, and for cover or green manure crops. 


Corn is used as grain, as forage and the stalks and leaves 
are fed dry. It is more largely used than any other crop for 
filling silos for winter use, and when cut and stored in silos 
is called silage. Corn will produce more food per acre than 
any other grain. 

Corn is grown in rotation in the corn states, two years to 
corn, one to wheat or oats, followed by timothy and clover 
for three years. This is a six-year rotation. 

A four-year rotation used in some sections is corn one year, 
oats one year, wheat seeded with timothy and clover which is 
grown two or three years. 

In the South a common three-year rotation is corn the first 
year, followed by oats in the autumn, followed by cowpeas 
and cotton. 

Corn thrives ona great variety of soils from the South to the 
North and from Maine to Kansas. A rich, warm loam, well 
drained, with plenty of organic matter and lime, will give 
the best results. Where there is a prospect of corn growing, 
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it is worth trying, as it is likely to do fairly well, as it does 
over a wide range of soil and climate. 


Corn quite commonly follows grass or clover, in which case 
plowing should be done in the autumn. Spring plowing should 
be early. Cultivation should be deep and thorough. 


Corn does not germinate and thrive until the ground is 
warm, nevertheless it has a long growing season and produces 
heavy grain, stalk and foliage and needs ample plant food. 


Farm manure at the rate of eight to ten tons an acre applied 
in the autumn should be used for corn. If a leguminous crop 
has been turned under the manure may be cut down to about 
three tons and four or five hundred pounds per acre used of 
about a 4-8-6 mixed fertilizer. On light soils it is desirable to 
obtain the nitrogen only partly from nitrate and the balance 
in tankage so it will not be so quickly available. 


There is nothing equal to liberal amounts of organic matter 
in the soil. To farm without it is a hard task, if not impossible 
to do so successfully. Growing corn will emphasize this fact. 


Fertilizers should be evenly distributed for corn as the plant 
roots spread in all directions from the surface down to con-_ 
siderable depth. 


| 
: 


The usual distance of planting is three feet apart each way, 
with three or four seeds in each hill, two or three inches deep. 


Cultivate to keep down the weeds and retain soil moisture. 
When the plants are up, the cultivation must be shallow to 
avoid disturbing the fine feeding roots, which are close to the 
surface, but frequent enough to keep down the weeds. 


As forage, corn is planted more closely, about twelve to 
fifteen quarts per acre, planting in rows three feet apart and 
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the plants about six inches apart in the rows. Sometimes 
corn is sown broadcast for quick growth for green forage. 


Wheat.—tThe rotations for wheat vary in different sections. 
Some of them are: 


Three years:— 
Potatoes, wheat, clover. 
Corn, wheat, clover. 


Four years:— 
Corn, oats, wheat, clover. 


Five years:— 
Corn two years, oats, wheat, clover; and there are other 
variations. 


Wheat grows on a wide range of soils, but ample organic 
matter is necessary in any soil for good results. Thorough 
preparation is also required. Plow as soon as the crop has 
been removed which it is to follow and harrow frequently to 
compact and keep down weeds. On light soils often only har- 
rowing is necessary before seeding. 


Green crops take the place of manure where manure is lack- 
ing, and a good plan is to apply it to the previous crop, using 
a 3-8-5 commercial fertilizer on the wheat at the rate of 250 to 
350 pounds to the acre, which can be applied with the drill 
by the use of a fertilizer attachment. 


When wheat has not wintered well or does not start well 
in the spring an application of 100 pounds to the acre of nitrate 
of soda well mixed with an equal quantity of dry earth, broad- 
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cast, will start it in active growth. Less trouble and perhaps 
better results may be obtained by using 75 to 100 pounds to the 
acre of calcium nitrate (nitrate of lime), not mixed with any 
other material, spread broadcast by hand or machine. 


Cover the seed from one to three inches according to the 
character of the soil, using eight pecks to the acre, sowing 
winter wheat sufficiently early so it will make a good start 
before the ground freezes. 


Rye is increasingly used as green manure, on account of its 
adaptability. It is used in a limited way for pasturage and 
forage. Its rotations are the same as for wheat, also the cul- 
ture. Rye thrives on a wide range of soils, where other grains, 
except buckwheat, will not grow. Heavy clay and wet soil are 
unsuitable for rye. Winter rye, like winter wheat, should be 
seeded early enough to give the plants a good start before 
freezing weather, using from four to eight pecks per acre, pref- 
erably in drills. The same fertilizer is used as for wheat. On 
fairly good soil it will do fairly well without fertilizer. 


Oats like soils well supplied with organic matter as they 
are partial to moisture, but they grow on some very poor soils. 


Oats are used in various rotations. In the South oats are 
grown as a winter crop, the seeding done in the autumn. In 
the North the seeding is done early in the spring, using two to 
three bushels to the acre, covering from one to two inches deep. 


When oats follow corn on good land which has been well — 
fertilized, the oats being stronger feeders are left to shift for 
their own food. On poor soils a fertilizer low in nitrate content 
may be used, about a 3-8-5, three to four hundred pounds 
per acre. 
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Barley when sown during August in the North, makes a 
good forage crop. Its culture is similar to oats, seeding two 
bushels to the acre. In the South barley is sown in the autumn 
and used as pasture. 


Buckwheat is a short season crop maturing in about ten 
weeks and perfects its crop at high altitudes. In the Adiron- 

dack Mountains in New York State, buckwheat is grown on 
poor soil and is the one grain that will mature in many sections 
there. Nevertheless, buckwheat responds well to good soil, good 
culture and fertilizing, but lodges on soils rich in nitrogen, so 
acid phosphate and potash are the materials to rely on. In 
soils well supplied with nitrogen, one hundred and fifty pounds 
of acid phosphate and forty to fifty pounds of potassium chloride 
will fill the requirements. 

Seeding is done any time from May to August, from three 
to five pecks per acre, covered two to three inches. 


Millet is a good hot weather crop and makes a good cover 
crop and forage, being ready for cutting in about eight weeks. 

Millet should have a mellow seed bed. It will not do well on 
wet land or heavy clay. It requires warmth and it is useless 
to sow it before the ground and weather are warm. From 
three to four pecks are used to the acre. 


Sorghum is essentially a poor soil crop and is largely used 
in dry sections for forage and for syrup and sugar. The culture 
is the same as for corn, but as it starts slowly clean cultivation 
is necessary to keep down the weeds. The seed is sown in rows, 
using ten pounds to the acre, or broadcast requiring about 
double the quantity. Use stable manure at the rate of eight 
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tons to the acre and a 3-8-5 mixed fertilizer at the rate of two 
hundred pounds to the acre. For syrup or sugar use from twice 
to three times the quantity of mixed fertilizer. 
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Chapter XLII 


COMMERCIAL 
FERTILIZERS 


Commercial Fertilizers are produced in the United States to 
the value of $200,000,000 a year or more. They are called com- 
mercial fertilizers, agricultural fertilizers, chemical fertilizers, 
mixed fertilizers, etc., manufactured chiefly from inorganic 
materials and also from by products of various industries. 
Their value depends on the compounds of nitrogen, phosphor- 
ous and potassium which they contain and these, together, 
are called complete fertilizers. 


Special fertilizers are made for special crops or special con- 
ditions and may consist of one, or two or three of these plant 
food constituents in special combinations. 


Meaning of Fertilizer Combinations.—Fertilizers are fre- 
quently referred to, for example, as a ““4-8-4”’ meaning, in the 
North, four per cent nitrogen, eight per cent. phosphoric acid 
and four per cent. potash. In the Southern states, this order 
is reversed, the first figure representing potash, the second 
phosphoric acid and the third nitrogen. 


In buying fertilizers, not only should the analyses be given, 
but a statement as to their availability. 
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Sources of Chemical Fertilizers 


Percentage composition of material used as sources of nitrogen. 


Equivalent 


| 


Material Nitrogen ae fo . pee 4 ant 
INitraterof soday.ne een. 15 tol6 {18 to19% 
Calcium nitrate...........]15 tol16 |18 to19% 
Sulphate of ammonia.....|19%to 21 |24 to25% 
Beunasalpeters nsw. see 26 31% 
eA MACE SPAee Eta a, 46 bow to OG 
Dried blood—high grade...|13  tol14 |16 to17 2 to 3 
Dried blood—low grade....|10 toll |12 to13 1%to 2 
HP AIKAG OMe ct Menno saa OM BtOMS: Ommtonel OPeto 16 
Driedifish’ scrap). oa, 6.556 « OF to Oy iieetom2 54to 7 
Cotton seed meal........ 64to 7%) 7T%to 9 l%to 2 ame Oe 
Castor pomace.......... Sesto G6 6 to 7 “le ftom eestor 2 
Tobacco stems.:.......... 12246. tol 3) |) 3:81 10132412 rome Yto 1 
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| Tables for calculating raw fertilizer material required per ton 
in mixtures of different composition: 


A Ae Factors for | Factors for 
core : Per Cent 0 quivalent | calculating | calculating 
F ee aa nitrogen to ammonia fertilizer material 
ee in formula per cent. |material from from 
nitrogen ammonia 
Multiply by | Multiply by 
Nitrate of soda..... 15.0 18. 2 133 110 
Calcium nitrate... .. 15.0 18.2 133 110 
Sulphate of ammonia 20. 0 24.3 100 86. 4 
Leunasalpeter...... 26.0 31.6 77 63.3 
Wea evasic. cv» 46.0 ys 43.5 Sie ff 
Dried blood........ 12.4 15.0 161 133 
Cotton seed meal... eno) 8.5 286 235 
Factors for eS for 
. . ti 
Phosphorous eos eae ( maleual” 
oe per cent. from from 
Phosphorous} Phosphoric 
acid 
Multiply by | Multiply by 
Acid phosphate.... . 6.1 14.0 328 143 
Basicwsiagens 3... 7.0 16.0 285 125 
Factors for | Factors for 
Potassium Potash calculating | calculating 
per cent. per cent. material material 
from from 
Potassium Potash 
Multiply by | Multiply by 
Sulphate of potash. . 40 48 50 42 
aes Bice) 
potash 41.5 50 48 | 40 
UGanbolt dos Ae eee 10 12 200 167 
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Percentage Composition of Materials Used as Sources of 


Phosphoric Acid. 


; Equiva- 
Material Total |Avail-| Insol-| Nitrogen| lent to [Potash 
able | uble Ammonia| K2O 
Acid. phosphate.......... 16-19] 14-17} 1- 2 
Carolina phosphate rock. .| 26-27 26-27 
Dissolved bone-black..... 17-20} 16-18} 1- 2 
BOMerMCA Ns Hires ws os 20-25) 5- 8) 15-17} 1 - 414) 14- 5% 
Dissolved bone.......... 15-17] 13-15] 2- 3} 24%- 3% 
sihomasislagers) Ais... 0+: 22-24 22-24 
Peruvian guano..........} 15-15) 7-8! 5~- 8|/ 6 -10 714-12 14-4 
Highly Concentrated Compounds 
Equiva- 
Nitrogen lent to thes Potash 
monia 
No.1 Nitrophoska........ 15 18 30 15 
No. 2 Nitrophoska........ 1S eve G 15 22 
chlorine 
free 


No. 2 is used for crops, which are sensitive against chlorine, such as tobacco, 
citrus fruits, hops, flowers. Can be mixed with certain organic material, like 


cotton seed ‘meal, peat moss, ground tobacco stems, tankage, etc. 


Amount of fertilizer removed from an acre of soil by some 


common crops: 


: Nitrogen Potash Lime 
Crop Yield Pounds | Pounds | Pounds 
SW Heats atetcrcs. - 5 30 bushels 48 28 9 
Oats Tr ios, « A5e“ 55 46 ll 
Cone See. <0) ai 43 36 % 
Potatoes 6 tons A7 76 


Phosphoric 
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To mix a 4-8-4 fertilizer, one containing 4 per cent. nitrogen, 
8 per cent. phosphoric acid and 4 per cent. potash, the raw 
materials needed are figured about as follows 


4X133= 532 lbs. nitrate of soda 
8 x 143 =1,144 lbs. acid phosphate 
4x 40= 160 lbs. muriate of potash 


1,836 lbs. mixture 


If it is desired to make a 4—8—4 mixture.—First ascertain 
how many pounds of nitrogen, acid phosphate and potash in a 
ton of material made after this formula. The percentage is the 
amount in 100 pounds. As a ton consists of 2,000 pounds, the 
percentage must be multiplied by 20, thus: 


Nitrogen 4 per cent., 420 =80 lbs. 
Acid phosphate, 8 per cent., 8x20=160 lb. 
Potash 4 per cent., 420 =80 lb. 


One hundred pounds of nitrate of soda contains 15 Ib. of 
nitrogen. It will, therefore, require as many times 100 as 15 is 
contained in 80, or, 533 lbs. of nitrate of soda. 


One hundred pounds of acid phosphate contains 14 Ib. avail- 
able phosphoric acid. It will, therefore, require, to furnish 160 
Ib., as many times 100 as 14 is contained in 160 or 1,143 Ib. of 
acid phosphate. 


One hundred pounds of potassium chloride contains 50 per 
cent. of potash. It will, therefore, require, to furnish 80 lb., as 
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many times 100 as 50 is contained in 80 or 160 Ibs. potassium 
chloride. 

Adding these totals gives 1,836 lb. 

To make an even ton and insure an exact distribution of the 
formula prescribed, add 164 lb. to make the even ton of filler, 
such as fine sand, fine dry muck, peat or earth. Some formulas 
will figure just an even ton. 


To Apply a Specific Amount.—Sometimes instructions may 
be received to apply a specified amount of nitrogen, available 
phosphoric acid and potash per acre, as for example 45 Ib. 
nitrogen, 85 lb. phosphoric acid and 50 lb. potash. To find the 
amount of material necessary to use the operation is as follows: 


45 lb. nitrogenx100+15, (the percentage of nitrogen in 
nitrate) =300 lb. nitrate of soda. 


85 lb. phosphoric acid x100+14, (the percentage of phos- 
phoric acid in acid phosphate) =607 lbs. acid phosphate. 


50 Ib. potash x 100 +50, (the percentage of potash in chloride) 
= 100 lb. potassium chloride. 


The total makes an application of 1,007 lb. of the mixture 
per acre. 


Guaranteed Analysis.—Manufacturers are required by law 


to state what percentage of nitrogen, phosphoric acid and po- © 


tassium their fertilizer contains. Some States require, and all 
States should, the source or form of nitrogen and potassium. 


Misleading Analysis.—Guaranteed analysis is sometimes | 


given, evidently to make it appear that the fertilizer contains © 


a larger percentage of plant food materials than it does. F 
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The guarantee will be in the form below giving the percentage 
of each. 


Nitrogen 

Equal to ammonia 

Soluble phosphoric acid 

Equal to bone phosphate of lime 
Available phosphoric acid 

Equal to bone phosphate of lime 
Insoluble phosphoric acid 

Equal to insoluble bone phosphate 
Total phosphoric acid 

Equal to total bone phosphate of lime 


Potash 
Equal to sulphate of potash 


Analyzed, it is found that this means that 


{Nitrogen 


Are one and the same thing) equ ET eg aminona 


Soluble phosphoric acid ° 

Equal to bone phosphate of lime 
Available phosphoric acid 

Equal to bone phosphate of lime 
Insoluble phosphoric acid 

Equal to insoluble bone phosphate 
Total phosphoric acid 

Equal to total bone phosphate of lime 


Are one and the same thing 


: Potash 
Are one and the same thing{ Equal to sulphate of potash 


An honest form of analysis would state the analysis simply 
as follows: 


IES o's, . «s+ 5 cote ansatia dal. 4 per cent. 
Available phosphoric acid................ onic 
0 nro 0s ge eee Biss Sasi 
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In guarantees, the total amount of nitrogen is stated, regard- 
. less of its form. It may be nitrate, ammonia or organic nitrogen, 
regardless of whether the nitrogen is quickly available or not. 
Sometimes it is stated that the nitrogen is from organic matter 
and in such cases neither nitrate, ammonia nor cyanamid is 
present. The nitrogen may be from hair or ground leather, 
which is practically useless. Or the nitrogen may be from dried 
muck which the farmer can better buy at home. Nitrogen from 
animal matter indicates the use of fish, bone, blood, meat, horn 
or hoof meal, but it may also mean leather and hair. 


Nitrogen, ‘‘equal to’’ or ‘‘equivalent to” ammonia does not 
mean that the fertilizer contains ammonia, but that if the nitro- 
gen were in the form of ammonia, there would then be the per- 
centage stated. 


A pound of ammonia does not contain a pound of nitrogen, 
although dealers sometimes use the word ammonia when speak- 
ing of nitrogen. Ammonia consists of nitrogen in combination 
with hydrogen. One hundred pounds of ammonia contains 824% 
lb. of nitrogen and 1724 lb. of hydrogen. It is on this account 
that the stated percentage of nitrogen as ammonia is higher than 
for nitrogen, which may deceive the purchaser. 


Phosphoric acid is stated in some analyses, as shown in the 
specimen, in several different forms: Phosphorous in phos- 
phate compounds is present in fertilizers; (1) generally is in 
compounds of acid calcium phosphate which is water soluble; 
(2) in reverted phosphate which is, chemically, dicalcium phos- 
phate and which is not water soluble, but is soluble in a solution 
of ammonium citrate; and (3) in insoluble phosphate, chemic- ~ 
ally, tricalcium. The total phosphoric acid includes all the 
phosphorous contained in the fertilizer. 
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Available phosphoric acid includes the total of the first two 
forms above stated. The last form is insoluble. 

Phosphoric acid equal to bone phosphate, although required 
by law in fertilizer analysis in some States is pure “‘bunk’’ and 
meaningless to the user of fertilizer. Purchasers should pay no 
attention whatever to it in considering the analysis. 


Fertilizer analysis should state the percentage of water soluble 
potash as, otherwise, potash materials might be used which 
would be unavailable. 

Sulphate of potash, abbreviated as S. or Sul. Potash (potas- 
sium oxide), contains almost double the amount of potash con- 
tained in potassium oxide. Ten per cent. of potassium oxide 
represents the same amount of potassium as 18.5 per cent. of 
sulphate of potash. 


In purchasing fertilizers, separate or mixed, do so under a 
guaranteed analysis, stating in what form the nitrogen is, 
whether as nitrate, ammonia, cyanamid, blood, meat, fish, hair, 
leather, etc. That is the only way to know what the results 
will be. 

The phosphoric, acid or phosphorous should be stated as 
water soluble and reverted for superphosphate materials. The 
potassium content should also be plainly stated. 

When two figures are given in the analysis, such as, phos- 
phoric acid 8 to 10 per cent., consider the lower figure only as 
that is all the law requires. 


High Grade and Low Grade Fertilizers.—Fertilizers are fre- 
quently spoken of as high grade or low grade. High grade 
fertilizers contain large amounts of nitrogen, phosphorous and 
potassium that are quickly available. Low grade fertilizers con- 
tain small amounts in less available form. As a general rule, 
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while high grade fertilizers cost more per pound, they supply 
the most plant food per dollar of cost. It must be borne in 
mind, however, that some fertilizing materials are especially 
valuable for some particular crops, when they would be of con- 
siderably less value for others. 


Determining the Value of Fertilizers.—The value of fertiliz- 
ing material is constantly changing. The State Experiment 
Stations of most States, each year issue a list showing the price 
the separate ingredients would cost if purchased separately in 
- the principal markets of the country. 

The percentage of nitrogen, phosphoric acid and phosphate, 
such as 5-8-5, represents the number of pounds in one hundred 
pounds of fertilizer. Multiply the percentage of each consti- 
tuent by the price quoted in the list of the State College, add 
these, and to obtain the value per ton, multiply the total by 20. 


Filler in Fertilizers——There is likely to be a misconception 
as to the amount of inert material in commercial fertilizers. 
Thus in a 4-8-4 fertilizer, for example the impression may be 
that four per cent. is nitrogen, eight per cent. phosphorous and 
four per cent. potash, a total of sixteen per cent., and that the 
remaining eighty-four per cent. is useless filler. 

The elements above named are in a pure or free state as 
fertilizers. Nitrogen, it has been explained, is a gas, abundant 
in the atmosphere but it cannot be utilized by any crops, except 
the legumes. Potassium and phosphorous would be unfit to 
apply to the soil in a free state and are costly to prepare. 


Sodium nitrate in the pure state contains 16.5 per cent. of © 
nitrogen and the sodium and oxygen that make up the remain- 
ing 83.5 per cent. are essential to the existence of sodium 
nitrate. 
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Potassium chloride or muriate is 52.3 per cent. potassium, 
and 47.7 per cent. of chlorine present is as necessary to the 
formation of potassium chloride as is the potassium itself. 

Finally, if a superphosphate was prepared from pure calcium 
phosphate and sulphuric acid, it would contain only 12.2 per 
cent. of phosphorous. It would also contain 23.7 per cent. of 
calcium and the sulphur, hydrogen and oxygen constituting the 
remainder of the superphosphate without which it could not 
exist, make up 64.1 per cent. of the substance. 

A fertilizer compounded of 1,200 pounds of such pure phos- 
phate, 500 pounds of pure sodium nitrate and 300 pounds of 
pure potassium chloride per ton, would be pure fertilizer, yet 
it would contain only 4.1 per cent. of nitrogen, 7.3 per cent. of 
phosphorous and 7.8 per cent. of potassium, or a total of 19.2 
per cent. The remaining elements are unavoidably present, as 
plants cannot utilize the free elements, but must receive them 
in compounds. 

Materials like sodium nitrate, kainit, potassium chloride, 
etc., absorb moisture and harden on standing. This is prevented 
by using with them, dry, inert material that will hold moisture 
and: prevent hardening. 


Mixing Fertilizers at Home.—Fertilizing materials can be 
purchased, such as urea, nitrate of soda or sulphate of ammonia, 
leunasalpeter, acid phosphate, chloride of potash, dried blood, 
ground bone, ground fish or other materials, mixing them at 
home to make a complete fertilizer. 

Home mixing, as it is called, has decided advantages where 
special crops are grown. Some plants respond better to one 
material used as a fertilizer and some to others. Home mixing 
gives the grower an opportunity to experiment and he may in 
this way gain knowledge that would never be acquired if mixed 
fertilizers were always used. On the other hand, where only 
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a few standard crops are grown, such as corn, wheat, oats, 
hay and potatoes, mixed fertilizers of proper analysis will give 
satisfactory results and save the labor of mixing. 

To mix fertilizers on the farm a smooth, tight floor in the 
barn, a tamper to break hard lumps, a shovel and a hoe will 
be needed, if only moderate quantities are to be mixed, as 
the material will be purchased in small quantities and will 
come in uniform packages of known weight which can be as- 
sembled in proper proportions. For large operations, in ad- 
dition to the above, a sand screen, a grinding machine and a 
. mixing machine will be needed, but considerable mixing can 
be done with the tools first mentioned. 

A feed grinding mill answers for grinding coarse material. 
Special grinding machines are made that may also be used for 
grinding limestone. Nitrate of soda, urea, leunasalpeter, am- 
monium and potassium compounds and others which have been 
ground may become lumpy and require regrinding. 

Acid phosphate, fish scrap and tankage when ground be- 
come sticky. The mill should be set to break the lumps without 
grinding the material. 

For accuracy, each material should be weighed. If the quan- 
tity is sufficient, it is sifted through the screen and the lumps 
are pulverized with the tamper or grinding machine. Keep 
the screen and mill clean while in use and clean immediately 
after using. Small quantities of material can be pulverized, 
if lumpy, with a shovel or tamper. 

Spread the bulkiest material on the smooth barn floor in 
about a six inch layer. On this spread evenly the next bulkiest 
material with the least bulky material on top. Beginning 
at one side, shovel the whole pile over, keeping the shovel 
sliding on the floor in taking each shovelful. Level the pile 
and shovel it over again in the same way three or four times 
until the mass is thoroughly mixed. 
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When a mixing machine is used, the materials in proper 
amounts are put in and the machine operated. 


Sodium nitrate, calcium nitrate, kainit, potassium chloride, 
etc., absorb moisture and are likely to harden on standing. 
This can be prevented by using, with them, finely ground or 
screened dry muck, peat, peat moss, sand, coal ashes, sawdust 
or gypsum. 


Materials for home mixing should be purchased and the 
mixing done in the winter when work is slack. The State 
Agricultural Experiment Stations will supply the addresses of 
dealers who handle the materials. 


Mixtures That Should Not Be Used in Combination.—Al- 
kaline compounds set free ammonia from ammonium com- 
pounds and therefore should not be mixed or used in combina- 
tion. 


Do not Mix any of these With 
Ammonium sulphate 
Calcium hydroxide, slaked lime Animal manure 
Calcium oxide, quicklime Bone 
\WWOSE ES003. I nn ornare rien eee Blood 
Basic slag phosphate Tankage 
Basic calcium nitrate Horn 


Nitrogenous guanos 


Calcium hydroxide ~ 


Calcium oxide Soluble phosphates 
CAlcimmcanpOnate, Pde te dante eandnatpes. 4 Superphosphate 
Wood ashes Acid phosphate, etc. 


Basic calcium nitrate 


Nitrate of soda, kainit and potash materials absorb moisture 
and when mixed with lime, unless used at once, will harden 
and be troublesome to handle. 
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Calculating Amount of Material 


Sodium nitrate (nitrate of soda) usually contains 15 per cent 
of nitrogen. 

Acid phosphate, 14 per cent of available phosphoric acid. 

Potassium chloride, 50 per cent of potash. 


Distributing Fertilizer.—Fertilizer distributed by machinery 
gives better results than hand-sown, on large fields. Small 
gardens are easily handled by hand. Seed drills are provided 
with an attachment for handling the fertilizer when the seed 
is sown. Broadcasting machines distribute the fertilizer uni- 
formly over the surface. In this case it is harrowed in before 
sowing the seed to keep it. from coming into direct contact 
with the seed. 

Where fertilizer is used when the seed is sown, it should be 
deposited below the seed, so it will have a covering of soil on 
which the seed rests. 

Where large quantities of fertilizers are used on garden crops, 
broadcast and harrow before planting. If fertilizer is to be 


used with the seed, only a small quantity will then be needed. 


i — 
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Chapter XLII 


FERTILIZERS FOR 
DIFFERENT CROPS 


Fertilizers for Different Crops.—Fertilizer recommendations 
can only be made in a general way. Different crops, on differ- 
ent soils, in different climates will require experimenting to 
determine what is best. Not even a soil analysis will show 
conclusively what fertilizer may be best to use. 

The following suggestions as to fertilizers for various crops 
will form a general basis on which to work, varying as experi- 
ence and experiments may suggest. They differ somewhat 
from recommendations made elsewhere in this work. 


For leguminous crops a formula is recommended of 1-8-10 
in the order of nitrogen, phosphoric acid and potash. 


Pate ereals): cc ivao sea ames 3-8-5 
fonGarden Crops). ..8) 9) /4=8-10 
** Grass and Forage Crops 4-6-9 
merCnards. .....ccenee waa 3-5-10 
Peek oot. Crops). c+ ;sieeseee Baars 


Using from 150 to 300 pounds to the acre. 


For silage, where excessive top growth is desired, 500 


pounds to the acre. ; 
For garden and root crops use from 700 to 1,500 


pounds to the acre. 
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The formulas given in the tables that follow in this chapter 
are based on materials of the following composition: 


Nitrate of soda, 95 per cent pure, containing 16 per cent of 
nitrogen. 


Dried blood, containing 10 per cent of nitrogen. 
Sulphate of ammonia, containing 20 per cent of nitrogen. 


Bone meal, containing 20 per cent total of phosphoric acid, 
one-half calculated as available the first season, also containing 
4 per cent of nitrogen. 


Dissolved bone, containing 15 per cent of available phos- 
phoric acid and 3 per cent of nitrogen. 


Dissolved bone-black, containing 15 per cent of available 
phosphoric acid. 


Dissolved rock (acid phosphate), containing 12 per cent of 


available phosphoric acid. 


Muriate of potash, 80 per cent pure, containing 50 per cent 
of potash. Sulphate of potash, 90 to 95 per cent pure, con- 
taining 50 per cent of potash. 


Kainit, containing 12 to 13 per cent of potash. 


Wood ashes, containing 5 per cent of potash. 
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KEY TO TABLES 


A =Nitrate of Soda 
B =Sulphate of Ammonia 


Nitrogen C =Dried Blood 
(D =Stable Manure 
Available _ Dissolved Bone 


Phosphoric Acid ~ Bone Black 


fr =Bone Meal 
G =Acid Phosphate (Dissolved Rock) 


~ Sulphate of Potash 
ie Wwainit 
J Wood Ashes 


H _ Muriate of Potash 
Potash 


In the formulas that follow, that are given in figures, such 
as 1-8-10, the first figure represents the percentage of nitrogen 
in the formula, the second figure represents the percentage of 
available phosphoric acid and the third figure represents the 
percentage of potash. 


TABLES 
Alfalfa, 1-8-10, composed of: 


— 30 to 60.Ib. A: or 
25 to 50 lb. B: or 
50 to 100 lb. C: or 

1,000 to 2,000 lb. D: 
used with 
300 to 600 Ib. E: or 
200 to 400 lb. F: or 
250 to 500 lb. G: 
used with 
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80 to 160 lb. H: or 
325 to 650 Ib. I: or 
800 to 1,600 lb. J 

to the acre. 


(For alfalfa calcium nitrate is recommended, 30 to 60 lbs. 
to the acre.) 


Detailed Example Showing Application of Above Table 
30 to 60 lb. nitrate of soda 
300 to 600 lb. acid phosphate 
80 to 160 lb. muriate of potash 
all thoroughly mixed and evenly spread over an acre of land. 


Another mixture that will give the same result might be: 
25 to 50 lb. sulphate of ammonia 
200 to 400 lb. dissolved bone or bone black 
325 to 650 lb. kainit. 


Or if other materials were more convenient for use, the mix- 
ture might be composed as follows: | 
1,000 to 2,000 lb. stable manure 
250 to 500 Ib. acid phosphate 
800 to 1,600 lb. wood ashes. 


In every instance the combination should consist of nitrogen, 
phosphoric acid phosphate and potash of the weight stated, 
per acre or per tree, as stated in each formula. 


Apples, 
Only nitrogen has given results on apples up to the present 
time, 3 to 8 lbs. nitrate of soda or calcium nitrate to a bearing 
Lees 
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Asparagus, 5-7-9, composed of: 


120 to 240 lb. A: or 
200 to 400 lb. C: or 
4,000 to 8,000 lb. D: 

used with 

300 to 600 lb. E: or 

200 to 400 Ib. F: or 

250 to 500 lb. G: 
used with 

70 to 140 lb. H: or 

300 to 600 Ib. I: or 

700 to 1,400 lb. J 
to the acre. 


Later, top dress with nitrate alone or calcium nitrate. 


Barley, 4-7-8, composed of: 


75 to 150 lb. A: or 
50 to 120 lb. B: or 
50 to 100 Ib. leunasalpeter, or 
2 5ato. 250 Ib. C: or 
2,500 to 5,000 lb. D: 
used with 
200 to 400 lb. E: or 
150 to 300 lb. F: or 
175 to 350 lb. G: 
used with 
50 to 100 lb. H: or 
200 to 400 Ib. I: or 
500 to 1,000 lb. J: 
to the acre. 
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Beans, 1-7-9, composed of: 
30 to 60 lb. A: or 
30 to 60 Ib. calcium nitrate, or 
10 to 20 lb. urea or 
25) toyo0 lb. Bs or 
50eto: LOOIb. Cr or 
1,000 to 2,000 lb. D: 
used with 
300 to 600 Ib. E: or 
200 to 400 Ib. F: or 
250 to 500 Ib. G: 
used with 
70 to 140 lb. H: or 
300 to 600 Ib. I: or 
700 to 1,400 Ib. J 
to the acre. 


Beets, 5-6-9, composed of: 
120 to 240 Ib. A: or 
120 to 240 lb. calcium nitrate, or 
100 to 200 lb. B: or 
60 to 120 lb. leunasalpeter, or 
40 to 80 lb. urea or 
200 to 400 Ib. C: or 
4,000: to 8,000 lb. D: 
used with 
250 to 500 Ib. E: or 
175 to 350 lb. F: or 
200 to 400 lb. G: used with 
70 to 140 lb. H: or 
300 to 600 lb. I: or 
700 to 1,400 lb. J 
to the acre. 
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Blackberries, 3-6-8, composed of: 


100 to 200 Ib. A: or 
75 to 150 lb. B: or 
75 to 120 Ib. leunasalpeter, or 
35 to 70 Ib. urea, or 

150 to 300 Ib. C: or 

3,000 to 6,000 lb. D: 
used with 

300 to 600 Ib. E: or 

200 to 400 Ib. F: or 

250 to 500 Ib. G: 

used with 
80 to 160 lb. H: or 

300 to 600 lb. I: or 

800 to 1,600 lb. J 

to the acre. 


Buckwheat, 4-8-9, composed of: 


90 to 180 Ib. A: or 
90 to 180 lb. calcium nitrate, or 
75 to 150 lb. B: or 
75 to 120 lb. leunasalpeter, or 
30 to 60 lb. urea, or 
150 to 300 lb. C: or 
3,000 to 6,000 Ib. D: 
used with 
300 to 600 Ib. E: or 
200 to 400 lb. F: or 
250 to 500 Ib. G: 
used with 
70 to 140 Ib. H: or 
300 to 600 Ib. 
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700 to 1,400 lb. J 
to the acre. 


Cabbage, 4-7-9, composed of: 


250 to 500 Ib. A: or 
250 to 500 lb. calcium nitrate, or 
200 to 400 Ib. B: or 
175 to 300 lb. leunasalpeter, or 
90 to 180 lb. urea, or 
400 to 800 Ib. C: or 
8,000 to 16,000 lb. D: 
used with 
700 to 1,400 lb. E: or 
500 to 1,000 Ib. F: or 
600 to 1,200 Ib. G: 
used with 
180 to 360 lb. H: or 
700 to 1,400 Ib. I: or 
1,800 to 3,000 lb. J 
to the acre. 


Carrots, 3-7-8, composed or: 


90: to 180 lb. A: or 
90 to 180 Ib. calcium nitrate, or 
COOL OOM. be Or 
60 to 120 Ib. leunasalpeter, or 
30 to 60 lb. urea, or 
150 to 300 Ib. C: or 
3,000 to 6,000 Ib. D: 
used with 
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350 to 700 lb. E: or 

250 to 500 Ib. F: or 

300 to 600 lb. G: 
used with 

80 to 100 lb. H: or 

300 to 600 Ib. I: or 

800 to 1,600 Ib. J 
to the acre. 


Celery, 5-6-8, composed of: 


250 to 500 lb. A: or 
250 to 500 Ib. calcium nitrate, or 
200 to 400 lb. B: or 
90 to 180 lb. urea, or 
400 to 800 lb. C: or 
8,000 to 16,000 Ib. D: 
used with 
500 to 1,000 Ib. E: or 
350 to 700 lb. F: or 
~ 400 to 800 Ib. G: 
used with 
130 to 260 Ib. H: or 
500 to 1,000 Ib. I: or 
1,300 to 2,600 Ib. J 
to the acre. 


Cauliflower. Same as for Cabbage. 
Cherries. Same as for Apples. 


Clover. Same as for Alfalfa. 
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Corn, 2-7-6, composed of: 


60 to 120 Ib. A: or 
60 to 120 lb. calcium nitrate, or 
50 to 100 lb. B: or 
40 to 80 lb. leunasalpeter, or 
100 to 120 lb. C: or 
2,000 to 4,000 lb. D: 
used with 
350 to 700 lb. E: or 
250 to 500 Ib. F: or 
300 to 600 lb. G: 
used with 
60 to 120 lb. H: or 
250 to 500 Ib. I: or 
600 to 1,200 lb. J 
to the acre. 


Cucumbers, 4-6-8, composed of: 


180 to 360 Ib. A: or 
180 to 360 Ib. calcium nitrate, or 
150 to 300 lb. B: or 
300 to 600 lb. C: or 
6,000 to 12,000 lb. D: 
used with 
500 to 1,000 lb. E: or 
350 to 700 Ib. F: or 
400 to 800 Ib. G: 
used with 
130 to 260 lb. H: or 
500 to 1,000 lb. I: or 
1,300 to 2,600 lb. J 
to the acre. 
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Currants, 2-5-8, composed of: 


60 to 120 lb. A: or 
60 to 120 lb. calcium nitrate, or 
50 to 100 lb. B: or 
100 to 200 lb. C: or 
_ 2,000 to 4,000 Ib. D: 
used with 
250 to 500 Ib. E: or 
i7>etoroo0 lo. F: or 
200 to 400 lb. G: 
used with 
80 to 160 lb. H: or 
320 to 640 Ib. I: or 
800 to 1,600 lb. J 
to the acre. 


Egg-Plant, 4-5-9, composed of: 


240 to 480 lb. A: or 
240 to 480 Ib. calcium nitrate, or 
_ 200 to 400 Ib. B: or 
80 to 160 lb. urea, or 
400 to 800 Ib. C: or 
8,000 to 16,000 Ib. D: 
used with 
500 to 1,000 lb. E: or 
350 to 700 lb. F: or 
400 to 800 Ib. G: 
used with 
180 to 360 lb. H: or 
700 to 1,400 Ib. I: or 
1,800 to 3,600 lb.J 
to the acre. 
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Gooseberries. Same as Currants. 


Grapes. Use 100 to 300 Ib. of nitrate of soda cr calcium ni- 
trate or 75 to 250 lb. sulphate of ammonia, or 60 to 200 lb. 
leunasalpeter, or 35 to 100 Ib. urea. 


Grass for Meadows or Pastures, 4-8-4, composed of: 


150 to 300 lb. A: or 
100 to 200 lb. B: or 
150 to 250 Ib. calcium nitrate, or 
50 to 85 Ib. urea, or 
3,000 to 6,000 lb. D: 
used with 
250 to 500 Ib. G: 
used with 
80 to 160 lb. H: or 
800 to 1,600 Ib. J 
to the acre. 
To be used as a spring application. Follow with summer 
applications of nitrogen. 


Grass for Lawns, 5-6-8, composed of: 


120 to 240 lb. A: or 
100 to 200 Ib. B: or 
200 to 400 lb. C: or 
40 to 80 lb. urea 
used with : 
250 to 500 Ib. E: or 4 
175 to 350 lb. F: or | 
200 to 400 lb. G: 
used with 
60 tomb: Hi: or 
250 to 500 Ib. I: or 
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600 to 1,200 Ib. J 
to the acre. 
For summer application use urea alone, or some other form 
of nitrogen. 


Hops, 3-6-12, composed of: 


120 to 240 Ib. A: or 
100 to 200 Ib. B: or 
200 to 400 Ib. C: or 
4,000 to 8,000 Ib. D, or 
40 to 80 lb. urea. Used with excellent results in Europe 
used with 
350 to 700 lb. E: or 
250 to 500 Ib. F: or 
275 to 550 Ib. G: 
used with 
200 to 400 Ib. H: or 
800 to 1,600 lb. I: or 
2,000 to 4,000 lb. J 
to the acre. 


Horse Radish, 4-6-9, composed of: 


90 to 180 lb. A: or 
fitor 50 Ib. B: or 
150 to 300 lb. C: or 
3,000 to 6,000 lb. D, or 
90 to.180 lb. calcium nitrate 
used with 
250 to 500 Ib. E: or 
175 to 350 lb. F: or 
200 to 400 lb. G: 
used with 
70 to 140 lb. H: or 
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ZH tO SOUP bE ls OF 
700 to 1,400 lb. J 
to the acre. 


Lettuce, 5-6-9, composed of: 


250 to 500 lb. A: or 
200 to 400 lb. B: or 
400 to 800 lb. C: or 
8,000 to 16,000 lb. D, or 
250 to 50 Ib. calcium nitrate 
used with 
500 to 1,000 Ib. E: or 
350 to 700 lb. F: or 
400 to 800 lb. G: 


used with 

150 to 300 lb. H: or 4 
600 to 1,200 Ib. I: or / 
1,500 to 3,000 Ib. J | 
to the acre. ; : 


Millet. Same as for Grass for Meadows or Pastures. 


Muskmelons. Same as for Cucumbers. 


Nursery Stock, Young Trees and Shrubs, ete., 3-6-7, com- 
posed of: 


60 to 120 Ib. A: or 
50 to 100 lb. B: or 
100 to 200 lb. C: or 
2,000 to 4,000 lb. D, or 
20 to 40 lb. urea 
used with 
250 to 500 Ib. E: or 
175 to 350 Ib. F: or 
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200 to 400 Ib. G: 
used with 
60 to 120 lb. H: or 
240 to 480 lb. I: or 
600 to 1,200 Ib. J 
to the acre. 


Oats, 4-6-9, composed of: 
75 to 150 lb. A: or 
60 to 120 lb. B: or 
120 to 240 lb. C: or 
2,500 to 5,000 Ib. D, or 
75 to 150 lb. calcium nitrate 
used with 
200 to 400 lb. E: or 
140 to 280 lb. F: or 
160 to 320 lb. G: 
used with 
60 to 120 lb. H: or 
250 to 500 Ib. I: or 
600 to 1,000 lb. J 
to the acre. 


Onions, 5-6-9, composed of: 
240 to 540 Ib. A: or 
225 to 450 lb. B: or 
- 450 to 900 Ib. C: or 
9,000 to 18,000 lb. D, or 
- 270 to 540 Ib. calcium nitrate 
used with 
550 to 1,100 lb. E: or 
385 to 770 lb. F: or 
450 to 900 lb. G: 
used with 
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160 to 320 Ib. H: or 
650 to 1,300 Ib. I: or 
1,600 to 3,200 lb. J 
to the acre. 


Parsnips, 3-9-8, composed of: 
120 to 240 lb. A: or 
100 to 200 lb. B: or 
200 to 400 Ib. C: or 
4,000 to 8,000 lb. D, or 
120 to 240 lb. calcium nitrate 
used with 
550 to 1,100 lb. E: or 
375 to 750 lb. F: or 
450 to 900 Ib. G: 
used with 
100 to 200 lb. H: or 
400 to 800 Ib. I: or 
1,000 to 2,000 Ib. J 
to the acre. 


Peaches. The same as apples. 2 to 5 lb. per tree. 
Pears. Same as for apples. 
Peas. Same as for beans. 
Plums. Same as for cherries. 
Potatoes, 5-8-7, composed of: 

250 to 350 Ib. A: or 

180 to 280 lb. B: or 

85 to 120 Ib. urea 
used with 


400 to 600 Ib. G: 
used with 


Fertilizer Tables 


100 to 200 lb. H: 
to the acre. 


Pumpkins. Same as for cucumbers. 
Quinces. Same as for apples. 


Radishes, 3-7-9, composed of: 
90 to 180 Ib. A: or 
75 to 150 lb. B: or 
150 to 300 Ib. C: or 
90 to 180 lb. calcium nitrate, or 
30 to 60 Ib. urea 
3,000 to 6,000 Ib. D: 
used with 
350 to 700 Ib. E: or 
250 to 500 Ib. F: or 
280 to 560 Ib. G: 
used with 
90 to 180 lb. H: or 
350 to 700 Ib. I: or 
— 900 to 1,800 Ib. J 
to the acre. 


Raspberries, 2-7-10, composed of: 
75 to 150 lb. A: or 
60 to 120 lb. B: or 
120 to 240 Ib. C: or 
75 to 150 Ib. calcium nitrate 
2,400 to 4,800 Ib. D: 
used with 
400 to 800 Ib. E: or 
280 to 560 Ib. F: or 
320 to 640 Ib. G: 
used with 
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120 to 240 lb. H: or 
480 to 960 lb. I: or 
1,200 to 2,400 lb. J 
to the acre. 


Rye. Same as for oats. 
Sorghum. Same as for corn. 


Spinach, 2-7-5, composed of: 
90 to 180 lb. A: or 
75 to 150 Ib. B: or 
90 to 180 lb. calcium nitrate, or 
30 to 90 Ib. urea, if used with bone 
3,000 to 6,000 Ib. D: 
used with 
Be OV Koy LIKCO Moy, IWaxore 
Bhd. wo (a0) Ilo, IB eKoye 
450 to 900 Ib. G: 
used with 
80 to 160 lb. H: or 
320 to 640 Ib. I: or 
80 to 1,600 lb. J 
to the acre. 


Squashes. Same as for cucumbers. 


Strawberries, 3-7-9, composed of: 
150 to 300 lb. A: or 
125 to 250 lb. B: or 
50 to 100 lb. urea, or 
250 to 500 Ib. C: or 
5,000 to 10,000 lb. D: 
used with 
550 to 1,100 lb. E: or 
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erorto, 750 Ib. F: or 
450 to 900 lb. G: 
used with 
140 to 280 lb. H: or 
550 to 1,100 lb. I: or 
1,400 to 2,800 lb. J 
to the acre. 


Tobacco, for the South, 4-6-10, composed of: 


180 to 360 Ib. A: or 
150 to 300 lb. B: or 
6,000 to 12,000 Ib. D: 
used with 
500 to 1,000 Ib. E: or 
350 to 700 lb. F: or 
400 to 800 Ib. G: 
used with 
160 to 320 Ib. sulphate of potash, or 
1,600 to 3,200 lb. J 
to the acre. y 
_ Tobacco, 5-4-5, for Connecticut, composed of: 
250 to 350 Ib. A: or 
180 to 280 lb.) B: or 
700 to 900 Ib. cotton seed meal or 
85 to 120 lb. urea 
used with 
250 to 300 lb. G: or 
- 200 to 250 lb. F: or 
300 to 400 Ib. E: 
used with 
80 to 120 lb. sulphate of potash. 
These quantities make approximately a 5-4-5 formula. 
Double these quantities to be used per acre. 
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Tomatoes, 4-6-7, composed of: 
150 to 300 Ib. A: or 
125 to 250 lb. B: or 
250 to 500 Ib. C: or 

50 to 100 lb. urea 
5,000 to 10,000 Ib. D: 
used with 
350 to 700 Ib. E: or 
250 to 500 Ib. F: or 
280 to 560 Ib. G: 
used with 
80 to 160 lb. H: or 
320 to 640 Ib. I: or 
800 to 1,600 Ib. J 
to the acre. 


Turnips. Same as for beets. 


Watermelons. Same as for cucumbers. 
Wheat 4-7-4, composed of: 
75 to 150 Ib. A: or 
60 to 120 lb. B: or 
120 to 240 Ib. C: or 
75 to 150 lb. calcium nitrate 
2,400 to 4,800 lb. D: 
used with 
200 to 400 Ib. E: or 
140 to 280 Ib. F: or 
160 to 320 lb. G: 
used with 
25 to 50 Ib. H: or 
100 to 200 Ib. I: or 
250 to 500 Ib. J 
to the acre. 
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A GOOD BOOK IS A GOOD FRIEND 


To OuR READERS: 
The good books, here described, de- 


serve more than a passing notice, consider- 
ing that the brief description under each 
title indicates only their wide scope, and is 
merely suggestive of the mine of useful infor- 
mation contained in each of the volumes. 


Written so tney can be easily .under- 
stood, and covering the fundamental prin- 
ciples of engineering, presenting the latest 
developments and the accepted practice, giv- 
ing a working knowledge of practical things, 
with reliable and helpful information for 
ready reference. 

These books are self-educators, and ‘‘he 
who runs may read” and improve his pres- 
ent knowledge in the wide field of modern 
engineering practice. 


Sincerely, 


Theo, Audel & Co. 
Publishers 


65 West 23rd St., N. Y. 


BOOKS THAT WILL ANSWER YOUR QUESTIONS 


Audel’s Carpenters 
NEW TRADE INFORMATION 


1600 Pages—3700 Trade Iliustrations 


POCKET SIZE—FLEXIBLE COVERS 
Beautifully Bound With Gilt Edges — Easy to Read — Easy to Apply 


i Rested per Vol—Complete Set $ 


1. If you wish to learn from the experience of success- 
ful Carpenters and Builders. 


2. If you wish to work with less effort and greater 
efficiency. 


8. If you wish to eliminate mistakes. 

4. If you wish to solve trade problems. 

5. If you wish to know labor saving devices. 

6. If you wish to be familiar with. valuable new ideas. 
methods, plans, short cuts or trade practice. 

7. If you wish to have complete, accurate information 
at your finger tips. 


ana Builders Guides 
ANSWERS YOUR QUESTIONS 


Guide No. 1—Over 431 pages—1200 Illustrations—Few of the im-« 


portant features: 


—How to know the different kinds 
of wood, 

—How to use the different kinds 
of wood. 

—Complete detailed information 
on nails and screws. 

—How to use carpenter’s tools, 

—How circular and band saws are 
handled, 

—How to use the steel square. 

—How to sharpen tools. 

—Hoyw to file and set saws. 

—How to make wood joints. 

—Complete information regarding 
joints ana. joinery. 


—How to build furniture. 

—How to make a tool box. 

—How to make a work bench. 

—How tomake “‘horses"’ or trestles 

—How to make a mitre box. 

—HWow to make a mitre shcoting 
board. 

—How to plumb and level work. 

—How to use the chulk line, 

—How to lay out work. 

—How to userules and scales- 

—How to use vises and clamps. 

—How to use all of the carpenter's 
tools, with over 900 illustrations 
showing specifically how. 


Guide No. 2—Over 455 pages—400 illustrations—some of the big 


features. 


—How to understand carpenter’s 
arithmetic. 

— How to understan/ geometry. 

—How to understand trigonume= 
try. 

—How mathematics is simplified 
for carpenters. 

—How to solve mensuration prob= 
blems, 

—Hoyw to estimate the strength of 
timbers, 


—How to proportion beams. 

—How to use drawing instruments 

—How to make architectural 
drawings. 

—How to read plans, 

—How to survey. 

—How to draw up specifications. 

—How to estimate the cosy of 
buildings. 

—How to build houses, barns, 
garages, bungalows, etc. 


Guide No. 3—Over 255 "pages—400 illustrations—some ot the 


principal subjects cavered: 


—How to excavate foundations. 

—How to build foundations. 

—How to make foundations water 
proof. 

—How to erect post foundations. 

—How to build forms for concrete 
foundations. 

—How to proportion foundation 
footings. 

—How to frame houses. 

—How to set girders and sills. 

—How to construct built-up sills. 

—How totrame joists. | 

—How to allow for variation of 
joists. 

—How to construct a well hole. 

How to frame a studding. 

—How to frame corner posts. 

—How to lay out and cut braces, 


~—How to attach lath co corner 
posts, 

—How to frame temporary and 
permanent braces. 

—How to frame girtsandribbands 

—How to set window frames, 

—How to frame braces and partl- 
tions, 

—How to distinguish various 
types of roofs. 

—How to distinguish various 
rafters, 

—How to use the settings 12. 13 
and 17 on the steel square. 

—How to lay out mitre cuts. 

—How to use tangents, and fulk 
detailed information covering 
sky lights, scaffold and hoisting 
apparatus. 


Guide No 4—Over 448 pages—400 illustrations—some of the 


salient points covered. 


—How to put on wood, fibre and 
metal shingles. 

—Hovw to lay gravel roofs. 

—How to lay tin roofs, 

—How to hang doors. 

—How to frame windows. 

—How to put on sheathing, 

—How to put on BIE: 

~—How to put on exterior trim, 

—How to do cornice work. 


—How to bulid stairs. 

—How vo lath. 

—How to lay floors, 

—How 10 put on interior trim. 

—How to put on locks and othey 
fittings. 

—How to paint. 

—How to give first aid to the in» 
pee, and many other impope 

ant and useful ‘‘Hows. ' 


AUDELS MASONS and 
BUILDERS GUIDES 


Aupeis” 
MASONS 
AND 2 
BUILDERS 
GuibE 


BRICK x 
FOUNDATIONS 
ARCHES | 
TILE 
SETTING ? 
ESTIMATING, 


eS 


for 


Bricklayers, Stone Masons, Cement Workers, 
Plasterers and Tile Setters 


If you now want to know the advancements 
in building progress—save mistakes—save 
work—save material—solve your problems— 
/increase your efficiency—it will pay you to 
examine Audel’s Masons Guide—4 numbers. 


These Guides are bound in attractive, flexible covers with gold 
edges, making them a pleasure to use; paper is a beautiful clear 
white stock, with clear pleasing type, easy to read. Titles stamped 
fin gold. The volumes present a professional appearance. The 
2,067 illustrations are graphic, quickly and easily understood and 
the information is quickly applied. Practically every page has an 
illustration, thus making the text interesting, useful and practical. 
Supplied separate at $1.50 a number. 


PRICE—SIX DOLLARS (COMPLETE SET) 


Audel’s Masons & Builders Guides are just 
ready; they give information in handy form, 
easy to use, showing 2,067 illustrations, plans 
and working methods of the best, approved 
outlines of work and materials, including in- 
structions how to lay out and figure various jobs 
—1,100 pages of inside practical information 
which will increase your range of knowledge. 


—How to distinguish clays. 
—How bricks are made. 

—How to fix mortar. 

—How to use bricklayer’s tools. 
—How to handle the materials. 
—How to lay brick. 

—How bricks are bonded. 

—How thick brick walls should be. 
—How to brick around openings. 


—How to lay out arches. 

—How to place anchors. 

—How to build foundations. 
—How to brick up boiler settings. 
—How to build chimneys. 

—How to do ornamental! brickwork, 
—How to repair old brickwork. 
—How to figure brickwork. 

—How to handle hollow tile. 
—How to set tile. 


—How to mix concrete. 

—How to operate the mixers. 

—How to place concrete. 

—How to make concrete forms. 

—How concrete is reinforced. 

—How to build stucco. 

—How to build with concrete blocks and tile 
—How concrete is made waterproof. 
—How to estimate. 


—How to read blue prints. 
—How to lay out foundations. 
—How to plaster. 

—How to do stone masonry work. 
—How to use structural steel. 


& STEAM FITTERS 
A Practical Trade Assistant 


AUDELS PLUMBERS AND STEAM- 
FITTERS GUIDES (4 Vols. $6) ASK 


A new set—just out! A practical, fully illus- 

trated Trade Assistant for Master Plumbers, Jour- THE 

neymen and Apprentice Steamfitters—Gas Fitters - 

and Helpers, Sheet Metal Workers, Draughtsmen, GUIDE 

Master Builders, Engineers and all Building Trade . , 

Students. With an Audel 
This valuable set of Hand Guides explains in }| Guide the right 

practical concise language and well-done illustra- | answer to every 

tions all the principles, advances and short cuts of z 

the Plumbing and Heating trade—based on mod- problem is at 

ern practice. It includes careful detailed instruc- | your finger tips. 

tions on how to figure and calculate various jobs. 


AUDELS PLUMBERS AND STEAMFITTERS GUIDES 
4 VOLS. $6 — $1 A MONTH — FREE EXAMINATION 


Audels Plumbers and Steam Fitters Guides have about 1,670 
pages—3,612 trade illustrations. Pocket size, flexible covers, gold 
edges, clear type, strong white paper, giving you all the knowledge of 
the trade with the latest advancements from the practical experience 
of successful Plumbers and Steamfitters. With the quick reference 
they save time and money for the Master worker; comprising also a 
complete Trade course for the Apprentice. Price, per volume, if 
ordered separately, $1.50. ‘ 


AUDELS PLUMBERS & STEAMFITTERS GUIDES 


Mathematics—symbols, defini- 
tions, arithmetic, mensuration, 
trigonometry, tables. 

Fhysics—measuring devices, spe- 
cific gravity, pressure, expan- 
sion, hydraulics, steam pumps, 
principles. 

Materials—iron, steel, copper, 
brass, lead, tin, antimony, bis- 
muth, zinc, refining asphaltum, 
tests. 

Sheet Metal—gauges, lead, sheet 
tin, tin plate, galvanized sheet 
metals, sheet brass, bronze. 


374 pages — 716 diagrams. 
important subjects covered: 


A few of the 


Pipe—wroughtiron, steel welded, 
standard threads, tests, tubes. 

Tools—square, level, plumb bob, 
seriber, caulking, tap_ borer, 
pipe threading, soldering, 
torches, fire pots, etc. 

Soldering—solders, soft solder- 
ing, tinning. 

Joint Wiping—preparing joint, 
wiping, judging solder, propor- 
tioning. 

Bending—distortion, tools used 
hot and cold bends. 

Beating—lead flashing, 
corners, etc. 


gutter 


Sanitation—cold water supply, 
street pressure,, syphonage, 
storage tanks, air pockets, cir- 
culation, etc, 

House Drainage—sewer, drain, 
stacks, safes, traps, venting. 
Sewage Disposal—purification 
methods, cesspools, septic tanks, 

filter beds, disposal. 

Fixtures—bath room, lavatory, 
shower, urinal, kitchen fixtures, 
faucet connections, storage 
tank connections. 


496 pages — 1,126 diagrams. A few of the 
important subjects covered: 


Pipe Fittings — specifications, 
hubs, spigots, laying length, 
properties of cast soil fitting. 

Roughing In—layout for work, 
drainage, piping methods, 
roughing in with special fittings. 

Accessories—valves, cocks, fau- 
cets, valve grinding, floats, 
flushing, reducing, rubber ac- 
cessories, tubing, thread fitting. 

Soil Pipe—Bell and spigot joints, 
packing, caulking, wrought 
pipe, tools, 
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Screwed Pipe Fittings—dimen- 
sions, forged steel, malleable 
brass, bends, elbows, joints, 
unions, flanges.’ 

Drainage Fittings — recessed 
joints, properties of. 

Pipe Fit tings—threading offsets, 
elbow constants, pipe bending, 
assembling, examples. 

Heating and Ventilation — 
steam, low pressure, vapor sys- 
tems, vacuum, exhaust heating, 
hot water, accelerated and nat- 
ural circulation, one pipe cir- 
cuits, furnaces, greenhouses, 


GUIDE NG. 4 


“Sheet Metal Work—geometry, 
drawing methods, problems, 
patterns, boiler problems, mi- 
tering, bench machines, special 
machines, wiring, burring, edg- 
ing, tucking. 3 

Brazing—Heating methods in 
brazing, brazing of copper, lead 
burning. 


400 pages — 900 diagrams. 
important subjects covered : 


400 pages — 900 diagrams. A few of the 
important subjects covered: 


Refrigeration—methods, ammo- 
nia compression, operating in- 
structions, management of ma- 
chines, sulphurous acid various 
methods. 


Water Supply —cold water, 
wells, city main, pumps, piping 
methods, hot water supply, 
tanks, repairs. 


Gas and Gas Fitting—produc- 
ers, how to read a meter, illumi- 
nation, fittings, pressure and 
flow, i 
ments. 


underwriters require- 


A few of the 


Welding — oxidation of iron, 
fluxes, various welds, welding 
methods, blow pipe welding, 
thermit welding. 

Blacksmithing—Forges, tools, 
forge firing, how to judge the 
heat, fluxes. anvil work, form- 
ing, welding, swedging, punch- 
ing, tempering. 


“PRACTICAL 
UNDERSTANDING 


ELECTRICITY 


Audel’s Handy Book of Practical Electricity, Price $4 


Here is an up-to-date, quick Ready Reference. It gives 
complete instruction and inside information on every 
electrical subject. Every point clearly explained in 
plain language and diagrams that are easily understood. 
Handy to use. Easy to learn from. Subjects arranged 
in progressive manner for the student and with complete 
index which gives information instantly to professional 
workers. A time saver, money saver, and a helping- 
hand for Engineers, Professional Electricians, Students 
and all interested in electrical work. 


Information in Handy Form 


The 1040 pages and 2600 diagrams give accurate, up-to-date 
and complete information on—Rules and Laws, RADIO, Storage 
Batteries, WIRING DIAGRAMS, Power and House Wiring, Auto- 
matic 'Phones, Auto Ignition, Motor Troubles, ARMATURE 
WINDING, Cable Splicing, Elevators and Cranes, Sign Flashers, 
Transformers, Practical Management, Modern "Applications— 
READY REFERENCE on every electrical subject. Pocket Size, 
handsomely bound in flexible Red LEATHER. 


Price $4 Postpaid 
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